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he Br\stol B,ay critical habitat ~reas(CH~s}are ~o,;rnanliigE:td by the Alaska Oe~~artment 
f Fish and Game {ADFG} in accord1?r19e vvlth AtasJ<a Statute 16 .. 20.520-530, af1d tfie 
laska l)epartment of Natural. Resources (ON.R} per AS ss:os. The purpose. of the 

Bristol Bay Critical Habitat Areas Management Plan is to provi(je consistent, long;.rahge 
uidance inmanaging the five CHA~. AOFG has undertaken this cqmpr~hensive 

p:lannin@proc~ss in order to establtsh gurdeline~, policies, and regulationsJor 
manage~nt of fish, and wildlife:; h~bitat1 anq cur,rent and future activities that affect t.bem 
• n the CHAs. This draft plan presen,~s management goals .• for the C.HAs and their 
esources, ·and identities. polices to l>e. used in determining Wh~ther propo~ed activifies 
re compatible with the protection of fish and wildH.fe, their haBitats, anti puouc use of the 

,,, . ' "' ,,,, ' ' ; 

New regulations based on wild trout management policies now apply to popular rainbow 
rout waters in Southwest Alaska. These regulations were passed by the Alaska Board of 

Fisheries after two years of public meetings and involvement by anglers, guides, lodge 
wners, area residents, and the department. Management policies were adopted by the 

board to sustain quality wild stock rainbow populations while providing a variety of sport 
ishing opportunities through establishment of special areas. Also, the new board policies 

404(c) Bibliography - 01/28/2011 Page 60 of 

EPA-7609-0000586-0060 



.hisplangui~es st~te lan,d memag~rnent by the ·oepartment of Natural ResollrP:es fn the 
Nushaga)<and Mulchatnadrairtag~sand·guldesc@ast~I consistency review. Ttt,is.plan: 
~) identifies •goaJs ... rna.nage,ment .. int~nt, aod public use sites for 25 managernentunit~ in 
he planning area; 2) specifies · managemef}t. po!icies. lbr long.:.ter111.uses cuses that take 
place, at o~e site, on state land for longer than t4 conse~J.Jtive days), including permanent 

nd.tS.111PO,rary f8cilities, trapping a,abins, boat st<>rage, ~irstrip developmenthdo~ks, and 
ther uses, and specifies wh~re ttiese ~~e$ may be all<>,w~d .. an:d wh.e.re they are 

pfohibite'd; 3) includes guipelines .that provide spe,cmc m<tnagerrient direction for the 2$ 
management u{fits and public use sites; and 4} includes impl~mef1,tation inlbrmatfon·and 

,. ,, . . •, . '/, 

laska's immense size and northerly position make it a critical region for breeding and 
migrating shorebirds. In fact, Alaska provides breeding habitat for more shorebird 
pecies than any other state in the US. Seventy-three species of shorebirds have 
ccurred in Alaska; 37 of them, including several unique Beringian species and Old 
orld subspecies, regularly breed in the region. Most of these species migrate south of 

he US-Mexico border and one-third migrate to South America or Oceania. 
Concentrations of shorebirds at several coastal staging and migratory stopover sites 

xceed one million birds; on the Copper River Delta alone, five to eight million shorebirds 
top to forage and rest each spring. Shorebirds worldwide have suffered dramatic 

population declines in the last decade. Using the species prioritization process 
eveloped for the US National Shorebird Plan, we incorporated new population 
stimates, updated threats, and identified 20 taxa of shorebirds of high conservation 
oncern in Alaska. All species of concern tend to have small global population sizes or 

limited breeding distributions. Seasonal occurrence of priority species was examined 
ithin the geographic context of Alaska's five Bird Conservation Regions (BCRs). Most 

priority species, particularly breeding species, occur in the Western Alaska and Arctic 
Coastal Plain BCRs. Southern regions of the Northwest Interior Forest and the Northern 
Pacific Rainforest BCRs are primarily used by shorebirds during migration and winter. 

he Aleutian/Bering Sea Islands BCR is also an important wintering area for shorebirds. 
round the world, loss of wetland habitat represents the greatest threat to shorebird 

populations. Nonbreeding and migratory stopover areas outside of Alaska that are 
important to the state's shorebirds are being altered by humans at an immense scale, 
primarily through drainage and reclamation of coastal wetlands. Critical shorebird 
habitats are further threatened worldwide by changes predicted to occur through 
ancillary effects of global climate change, particularly rising of sea level and drying of 
ontinental wetlands. Shorebird habitats in Alaska are still relatively intact, but interior 
etlands important for breeding are already showing evidence of drying, and coastal 

areas are being altered by increasingly intense storms. Shorebird habitats in Alaska 
ace other, more local threats, particularly from energy and mining development in the 

· neLate.~retaceous (90.Ma) Pebbt~co~e-:u.:MoporphyrydepositrsJocated \llfithfnthe 
outhern KahHfna terrane,. which. is comprised of the ChiHKadrotF1f3 Gre~nrt~ne sod the 

K_oksetna .. Ri~r sequence. Near the Pebble deposit, the Chilil<adrotna Greenstone 
marks the northwe,s~ bord~r onhe sc.:n,flhern f<a~iltna. terrane, an~ tfle. Koksetrra River 

Y,SCh sequence isthe host for mlnerafization at Pebble,. Thr~Ughout the world, porphyt'Y 
~p?sits are found in cfusters ~ssociated with multiple intrusive eyents, typically, .if not 

%tways,..;sut>duction-:refated, thereby suggesting.the southernKahittna ter:rane is ··· 
potentiafly faVOt!rable forotherporphyry occurren~es. Our int~grati~n of, multiple 
eo~cienttfic data la.yers t:ias re~eafed that tlie world-class Pebble ·deposit may sirnilarl~l 
e. accompa11iedby ac:tditional porphyry:.styte ltlineralization elsewhere in the southern 

KahJttnate:rrane ... Delin~afion of watersheds,• derived from processiAp of digitatelevation 
ata, provided an ef{e,ctive framework forpredi~tin,g !avoarable an~as for mineralization. 

Beyond"analysis of individua_t.clata fayersof.ge~?hemistry, geology, geophysics, and 
emote sensirrg, geographic information systems ~GIS} application~ facilitated ao 

, . 
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he effects of acidification in lotic systems are not well documented. Spatial and 
emporal variability of habitat and water quality complicate the evaluation of acidification 
ffects in streams and rivers. The Neversink River in the Catskill Mountains of 
outheastern New York, the tributaries of which vary from well buffered to severely 

acidified, provided an opportunity to investigate the extent and magnitude of acidification 
ffects on fish communities of headwater systems. Composition of fish communities, 
ater quality, stream hydrology, stream habitat, and physiographic factors were 
haracterized from 1991 to 1995 at 16 first- to fourth-order sites in the basin. Correlation 

and regression analyses were used to develop empirical models and to assess the 
relations among fish species richness, total fish density, and total fish biomass and 
nvironmental variables. Chronic and episodic acidification and elevated concentrations 
f inorganic monomeric aluminum were common, and fish populations were rare or 

absent from several sites in the upper reaches of the basin; as many as six fish species 
ere collected from sites in the lower reaches of the basin. Species distributions and 
pecies richness were most highly related to stream pH, acid-neutralizing capacity 

(ANC), inorganic monomeric aluminum (Al;m), calcium (Ca)2
+, and potassium (Kt* 

oncentrations, site elevation, watershed drainage area, and water temperature. Fish 
ensity was most highly related to stream pH, Al;m, ANC, K+, Ca2+, and magnesium 

(Mg)2+ concentrations. Fish biomass, unlike species richness and fish density, was most 
highly related to physical habitat characteristics, water temperature, and concentrations 
f M 2

+ and silicon. Acid it characteristics were of seconda im ortance to fish biomass 
he subleth~t effects of copper on the sensor)': physiolo~y of juve~ile. coho safmoo 

(Onoorhypcffusklsutch)were evaluc:ted. In vivo field potential recordings from the 
lfactof'Y epithelium, (electro-olfactograms) were, ~sed ta measure the rm,p:acts of copper 
nthe re~po~ses of olfactoiy ~e,ceptor neurons to natural odorants. (L"serine a,nd 
8tjrochoUc acid) and an odorantmixture {L-arginine, L"aspartic acid, L•leucine, ~nd 1..:. 
erireJ over~ rarrge of s~tmulus c~ncentrations .. Increases h:i ·cr~p~er lmpair~d me 
europhysiological resp~nse to .at! odorants yvlthin 10 min of exposure. The inhibitory 
ffects of copper (1;p;; 20.0 µg/L) weredose-de{Yend~nt and they were n()t inftuencea by 
at.er hardness ... · To)(l¢ity thresholds. for the different recepter pathways we~a, determined 
y ustng thebem;hmarkdo&emethod and .. touna.to be ~imflar{a2'.3 ~ 3.G µg1LJnorease 

in total dissolved copper ov~r backgrouncl} .. Colfectlvely, examirtation of these data . . . 
he abandoned copper mine at Britannia Beach, British Columbia, has been releasing 

acid mine drainage (AMO) into Howe Sound for many years. To assess the impacts of 
MD on juvenile salmonids in the Britannia Creek estuary, we compared fish 

abundance, distribution, and survival at contaminated sites near the creek with 
uncontaminated areas in Howe Sound. Water quality near Britannia Creek was poor, 
particularly in spring when dissolved Cu exceeded 1.0 mg·L-1 and pH was less than 6. 
Beach seine surveys conducted during April-August 1997 and March-May 1998 showed 
hat chum salmon (Oncorhynchus keta) fry abundance was significantly lower near 

Britannia Creek mouth (0-1.2· 100 m-2
) than in reference areas (11.5-31.4· 100 m-2

). 

Laboratory bioassays confirmed that AMO from Britannia Mine was toxic to juvenile 
hinook (Oncorhynchus tshawytscha) and chum salmon (96-h LC50 = 0.7-29.7% in 
resh- water and 12.6-62.2% in 10 ppt water). Chinook salmon smolts transplanted to 
urface cages near Britannia Creek experienced 100% mortality within 2 days. These 

. . . . . 
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nst~I Bay arn:l its islands, the ertib~y~ntS, lagoons, andothere,stuaries a!o~g the. 
orth side ~f the ~la~ka PfJninsula, andJhe nesting. cliffs on the .north ~hor~, are 
easonaHy lrf!Port~nuo: vast numbers of se"abi(ds, waterfowl, and shorebirdsthat~reed, 
umrner, winter, or stopover there durtng migrauon. This pr,oauctive ~outneast cqmerof 
he Bering $ea is at,so .used by sea otters and SEWeraJspeciesof pinnipeds and 
~taceaps, and is the site of"the worlds largest salmon fishery: . Petroleum development 

isptan,ned f?r thisarea,and,)udgi~g from the past history ofnurner,ous on .S:Pnls in naart>y 
o(jk Inlet, could hav:~ deleterious effects on.thisrich f~una. This po:ssibilityprompted 

inv~tigations o,fthe miQJ<lfOrybir.c:is, including tfte pelagiCspecies, .that crn:rfd provide the 
e~r-:round informati~n o:n .distribution· arrd numbers necE,}ss,ary to protect birds fl'om the ·· 

PQSSible hazards ofpe~roleurn de'\felopmenfand ~hipi;>ing . ..A part of that information is 
provided by tl:le o~serv:atio:ns o.n dtstribution and .. relative numbers of pelagia birds made 
in a section of B~istof Say<dt.triag July and August 1,969.1 and reported ontn tflls paper. 
Data on pela~ic ~irds .from the aering Stra. region i~ llmtta'd, and eve,n less is published 
bout birdswithin ~ristol Bay. i!~ques (193()) provide.d annotations on the ~ird~ he 
"bsen;red irrand betwee~ Uniillaska and PortMpller during tfle early summer of 1928. 
hunto~ {1961) ~urveyed pop:uJatlon~ ofbirds sumrnerirrg in tfie~haHow portion G'f.the 
~stemBerirrg sea bUt\Jl{eSt of Bristol Bay. King affd McKnlg.J1t {1969) made.aerial 
urv:eys of tfle pela9ie birds within 12 .. mlf~s of the. Bristol Bay coastHne, in October. Amofd 
1945) rep9rted on. the. dlstr,ibution of b(rds in the North Pa:oi•flc from l(oCUak lsfa:nd to 

Unataska, lsl~nd ~nd in the. B~r'ln~ Se,a from unataska. Island to, Attu. Island between. fs 
une and f6 Septef11bef1~l44. ~urocta (1955} reported on the birds seen at sea in.the 
ipintty of the Kurfl lsfandsapdnear the w~tem end of the Aleutian lslantts. Shuntov 
19661 ancHrving et al. ( 1970} refJorted on th~ wintering birds ~f th~ Bering Sea. 
lJn~nalyzed data on.birds observed in the Bering sea are pµbHshed With the 
cean~graphic andfish:~ries records ~f the RV Osharo Matu (H.okkaifJo .Univer~lty 1957 ~ 
8). ·Osgood. p904);Mµn , :and Gat)riels~n:and Uncoln {1959:) summa1;ized the 

informatiO:f'l ont:5ir~s. of th~···. .. . ... · .. rdering Bristol i139:Y. Dall (t873} anq Caho ( 19~.7) 
ascribed the .birds on and about u.t'lala,ska Island, the westernmost poii:1tincluded witltin,, 

Protection of Washington State's salmon ids requires that transportation officials consider 
he effect of suspended sediments released into streams during transportation projects. 
Many state and provincial criteria are based on a threshold of exceedance for 
background levels of turbidity. However, determining natural background levels of 
urbidity is a difficult endeavor. The inconsistent correlation between turbidity 
measurements and mass of suspended solids, as well as the difficulty in achieving 
repeatability using turbidimeters contributes to concerns that turbidity may not be a 
onsistent and reliable tool determining the effects of suspended solids on salmon ids. 

Other factors, such as life stage, time of year, size and angularity of sediment, 
availability of off-channel and tributary habitat, and composition of sediment may be 
more telling in determining the effect of sediment on salmon ids in Northwestern rivers. 
For short-term construction projects, operators will need to measure background 
urbidities on a case by case basis to determine if they are exceeding regulations. 
However, transportation projects may also produce long-term, chronic effects. To 
adequately protect salmonids during their freshwater residence, TSS data on 

. . . . . . 

, hl:s study quantitatively evafuatet;j lhe retationshtps among As, Co, and Cu 
oncentrati()rYS in exposu(e media(surface waler,sedfment.~ andaufwiJrffrs},As,c,o, and 
u concentratipos in aguatic. macroinvertet>;ates, and .inve.rtebrate comm1.mfty structure 

in a miQe...:affected stream. Conceotrations of As~ Co, and Cu were stgniticantly elevated. 
in both exp0sure media and invertebrate, tissue, dpwnstrean;i from the, mine .. Copper in 
invertebrate,s was sigJ1iffca~tly cQrrelated only with 'Cu in aufwuchs., and Co in 
inv~rtet>rates was sigoificantlycorrelated onl}'W,ith dissolved ,co in, water, suggesting 
ifferent mechanisms of.invertebrate ac~umulation fofthese two metals.The 

irwerteibrate c~mmun,ity was severely affected doVlfnsttearn from thE( mine, with a loss of 
me,tals,-sensltive seecies ant::! reductions in both total biomass ~nd number ofspecies. 

otal abt.n:r.fifance was not affected. PrincipaJ components a~alyais was performed.,on the 
invef>1ebrate community aata t<:? develop a simplified a.escnption ofcommunity response 

404(c) Bibliography - 01/28/2011 Page 63 of 

EPA-7609-0000586-0063 



he territorial, gill-flaring, and feeding behavior of juvenile coho salmon (Oncorhynchus 
isutch) in a laboratory stream was disrupted by short-term exposure to suspended 
ediment pulses. At the higher turbidities tested (30 and 60 nephelometric turbidity units 

(NTU)), dominance hierarchies broke down, territories were not defended, and gill flaring 
ccurred more frequently. Only after return to lower turbidities (0-20 NTU) was social 
rganization reestablished. The reaction distance of the fish to adult brine shrimp 
ecreased significantly in turbid water (30 and 60 NTU) as did capture success per strike 

and the percentage of prey ingested. Implications of these behavioral modifications . . 
ome water qualityi standards estat>frshed by the states permiton,ly ml.nor increases in, 
uspende:d sediment wt:ten backgroundJurbiaify i;s low, altow greater absolute increases 
s ~back,gro1Jt1d levels rise, a11d do not con$ider acclimafion of.stream Dle>~ to high 
urbidity, .Juvenile .ae>ho. saf mon (Oncorhynchns kistitch) were subjected to 
xpe;frimenta!ly elevated C()ncentratipns, t)f sus,~endect, sediment and ~id nof avoid 

moderate tl!tbidify t.n. creases when.nackg .. round levelswere low, but exh.ibited significa .. nt , 
'l,, ,,, 

Sockeye salmon Oncorhynchus nerka spawn in many streams and along lake beaches 
f the Kvichak River system in Alaska, but fry from the distinct spawning areas reside in 

a common nursery habitat, lliamna Lake. In addition, Kvichak River subpopulations have 
imilar dates of adult entry into fresh water, similar migration distances, and similar 
pawning dates. These similarities in rearing environments and migratory timing enabled 

us to test the hypothesis that differences in spawning and incubation habitat alone can 
promote differentiation in traits associated with reproductive success. River-spawning 
ockeye salmon tended to be larger at age and older than those spawning along island 

beaches. Females from rivers were more fecund but had smaller eggs than the beach­
pawning females. Males from beaches were deeper-bodied and (in one comparison) 

had relatively longer lower jaws than males from rivers. The tendency of river-spawning 
emales to mature later than beach spawners may be related to a higher marine growth . . . . . . 
he effect of .an embedded sub'stratum on emfgratiPEhand grewth in juvenile brown trout 
a~ in~esfigated in an artifjciaJ stl'eam .witfl sand .added t~ produce sections of 
mbedded or nonembedded so:pstr~tum, Fish w~re allowed to IE:fave the sections and 
ere caught daily. in~ .. do,wnstl'eam trap:· After catching and countlng,.fish were. put back 

in their · inal section in order to keep the same amourit of fish., Captur~s ~ere high 
nfy on firstdays, after .fish release. Curing the first~: days after fish release, 
own,stream:moving fish we.re more numerous, in the.erp:bedded.than in the 
onembedded sections. "f'.he .. embedded substl'atum signi.ficantty decreased the final 

' ' . 

he shits. torming. on was1!3 r?Ck dymp 5:~{fa:Ce~ at the Bingham Canyon Mine have past7 
pH values ra,rrging from 2.QS to 7.91. Paste cont:luctivity~ a meas,ure otsojfsalinity, varies 
~tweert22 and 8750µ5, crrr1

• the primar}r controls q~ WC1Ste rock soil pH an,d salinity 
re the sulphit:ledistrib~tion in.the wastemC:k, th~ amount of limestone.present arrd·(~e 
g:e ~f the wa~te r(}Ck dump Sljrface. The average Ptf of recently exposed was~. rock. is··· 
.o and the average conductivity.is 1 t:to f;JS crrr1

• Within ~tx years of placem~nt o,n the 
astemck dumps the aver~ge pHde~Hnes to 4-7,, furthe(de,:creasing. to 3,7after 50 

· ears .. The ayerage corn:tuctiVlty in,crease,s·to 3QOQ µS crrr1within six years but then 
eclines,to 855 µ,s cm:1 after SO years, i:tte slfarpdrop in pH, and the peak in s.aHnity 
hor.tly after the waste rock is pJaced on tfie dµmps, reflects the rapid release ofa:Cidity . ./// ' ' ' // . //,, ' "''' . 
reconnaissance sidescan sonar survey in Bristol Bay, Alaska revealed extensive areas 

f seafloor with features related to walrus foraging. They are similar to those seen in 
areas such as the outer Bering Sea and Chukchi Sea. Two types of feature were 

bserved: (a) small (<<1 m diameter) shallow pits, often in clusters ranging in density 
rom 5 pits per hectare to 35 pits per hectare; and, (b) more abundant, narrow, sinuous 
urrows, typically 5 to 10 m long with some reaching 20 m or more. Most foraging marks 
ere in less than 60 m water depth in areas of sandy seafloor that were smooth, 

hummocky or characterized by degraded bedforms; the absence of foraging marks in . . . . . . 
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In December 19g1 •. CQniinco.~Ja~k~Expt9rati9n .<the 'fi)rm~r: lease li9lderof fle $ite no"! 
eld bY the Pebble. umited Parthe{'S~ip} contracted the Alaska Department offish Giztme 
ADFG~, Division of Wildlife Conservation,. ro investigate wildlife use and h~:uvest in tfle 
rQposed.PebbleCoJ)pe.rMfneA:r,ea, .no,rtfiwest of lliamna Lake, A}aska .. ihispapar is a 
ompilation of.iiiformationfrom: 1) recE'fnt mGosea,nd bear.sl,Jt:teycs conducted per tbe 
greement betw?en tn,e }\OFG.and Ccm1inco E)(ploration; 2} biaar, m(}ose, and fUrbearem 

· arvest data from .19a5786· 199019,; 3) historic"aeriaf ~urvey .observations .. dom:imentiRg 
ear l!Se of salmon streams; anti, 4) historic trend ar~a counts for moose •... Harvest tlata 
romthe propos~d mine are"awastaken frpmtfle UniformCodin@Units (UCU}W:hich 
include th~ drainages.ot.Kaskaoal( Creek (09b:o203), TalarikCreeks {09b'-G302), th~ 

hulitnaRiver and NikabunaLakes (09b-070,1 }, anc;l. the. lower MuJchatf:la River frorfrth~ 
onfluence with the Ko~tµU River to the ~e>nfluenge of the Nushagak River (17b-'0201) 

.,, . " ,,• .,, . 
he US Geological Survey and the National Park Service conducted a water-quality 

investigation of the Kijik River Basin in Lake Clark National Park and Preserve from June 
004 to March 2005. The Kijik River Basin was studied because it has a productive 
ockeye salmon run that is important to the larger Kvichak River watershed. Water­
uality, physical habitat, and biological characteristics were assessed. Water type 
hroughout the Kijik River Basin is calcium bicarbonate although Little Kijik River above 
Kijik Lake does have slightly higher concentrations of sulfate and chloride. Alkalinity 
oncentrations are generally less than 28 milligrams per liter, indicating a low buffering 
apacity of these waters. Lachbuna Lake traps much of the suspended sediment from 
he glacier streams in the headwaters of the basin as evidenced by low secchi-disc 
ransparency of 1 to 2 meters and low suspended sediment concentrations in the Kijik 

River downstream from the lake. Kijik Lake is fed by clearwater streams and has secchi­
isc readings ranging from 11 to 15 meters. Streambed sediments collected from four 
urface sites analyzed for trace elements indicated that arsenic concentrations at all 
ites were above proposed guidelines. However, arsenic concentrations are due to the 

local geology, not anthropogenic factors. Benthic macroinvertebrate qualitative multi­
habitat samples collected from two sites on the Little Kijik River and two sites on the 
main stem of the Kijik River indicated a total of 69 taxa present among the four sites. The 
lass lnsecta, made up the largest percentage of macroinvertebrates, totaling 70 percent 
f the families found. The insects were comprised of four orders; Diptera (flies and 

mid es E hemero tera ma flies Pleco tera stoneflies and Tricho tera 

Cominco Alaska Exploration is pursuing a mineral exploration project, the Pebble Copper 
Prospect, in the area of the headwaters of the Koktuli River and Upper Talarik Creek, 
north of Lake lliamna. The prospect site is on the divide separating the Upper Talarik 
Creek and South Fork Koktuli River watersheds, and very near the divide between these 
wo watersheds and the upper North Fork Koktuli River watershed. Reconnaissance 
level investigations were undertaken in August of this year to gain an understandng of 
he distribution and relative abundance of fish species in the area and of the factors 
hich may be limiting that distribution and relative abundance. Information was gathered 
n fish occurrence within the upper basins of the north and south forks of the Koktuli 

River, Upper Talarik Creek, and the small basins tributary to the Chulitna River and on 
actors influencing distribution and relative abundance. Potential impacts of prospect 
evelopment will be addressed in later phases of investigations. The purposes of this 
echnical Memorandum is to summarize the results of these preliminary investigations. 
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n fijtensive research programwas conducfod in 1961 and 1962 by the Bureau of 
ommercial Fisheries Biologi~I Laboratc;>ry,. Auke Bay,. Alas~a, and th,e Fisheri~s 

Research l~stitute,. l::JniversJty of Washington, with th.e cooperation of the Alaska 
Department of Fist) and Game. Manysockeye.salmon ri~e,r systems~er~.studied 
oocurreotly With .essentially the sa111e techniques so that systems coverih~ the e!ltire 
nge Of J?fOdUCtlonJe~elSC()Ufd be C~mpafed. T~e general ~bJ~ctiVeofthis researcb 
a~ to determine the. oetttnum .escapement.of s,ockeye .salmon !~r each of the major 

ystems. This was. accom,:>lishap tlirottgh integration pf the results. o[..several related 
tudie~: (1) s11mmarization and analysis of hist~rlcal aud current d<:lta on ro.ns ~f adult 
~ckeye satmon, {2) ~elim~ation and <iles~rfption of spawning areas anGt'estima,tron of 
h~r capaciti~, (3/:d.elineation.and description. of me nurseryareas aoi:I esti111a,uon of 
heircapacities ... rne major systems studied.were the Wot:>d, Kvichak., Naknek,and 
Uf1astiik systems, whicb ent~r Bri~tol s,ay; the Chignik system, onfne south sid~ of the ··· 

lasKa Peninsuta; and theK~rluk system, on Kodfa~J~Jan:ct Ad.ult sockeye 5'.almon in the~ 
ommerc.ial catches and escapements, and sockeye salmon smolts, were counte~ and 
ampled. Spaw,nJnggroundswere surveyed.to determine their size apd quaUtyand th~ 
istribution and ~abu.ndance of spawners. Sathymetric maps were prepared for some of . . . . . . •' 

Over the past decade, accelerating rates of species extinction have prompted an 
increasing number of studies to reduce species diversity experimentally and examine 
how this alters the efficiency by which communities capture resources and convert those 
into biomass. So far, the generality of patterns and processes observed in individual 
tudies have been the subjects of considerable debate. Here we present a formal meta­

analysis of studies that have experimentally manipulated species diversity to examine 
how it affects the functioning of numerous trophic groups in multiple types of ecosystem. 

e show that the average effect of decreasing species richness is to decrease the 
abundance or biomass of the focal trophic group, leading to less complete depletion of 
resources used by that group. At the same time, analyses reveal that the standing stock 

f, and resource depletion by, the most species-rich polyculture tends to be no different 
rom that of the single most productive species used in an experiment. Of the known 
mechanisms that might explain these trends, results are most consistent with what is 
ailed the 'sampling effect', which occurs when diverse communities are more likely to 
ontain and become dominated by the most productive species. Whether this 

mechanism is widespread in natural communities is currently controversial. Patterns we 
report are remarkably consistent for four different trophic groups (producers, herbivores, 

. . . . . 

Pacific salmon and other anadromous sliiltnonids r,epresent a rnaj<(r vector fcrr 
ra,nsportin9111arine nutrients across ecosyste111 boundaries (Le., from marine to 
reshwateram:I terre~trial .ecosystems}. Salmon ~rcasses provide nutrients and energy 
obiota \l\(ithin .aquatic and terrestrial ecosystem~throuQh ~ariot:Aspathways: In this pape.r 
e review and synthesize .the. growing number of studies document{ng this process in 
ifferent.localities. We. al.so discuss the implications for 1118,ihtaJning .the nutrient fee<:tt:rack 

· ystem .. Our findings show thatfuture management will need to view spawning safmon . ~ .. . 
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he proposed Pebble Project, by Northern Dynasty Mines, Inc. (NDM) and Anglo 
merican pie, is a low grade copper-gold-molybdenum sulfide deposit in SW Alaska. The 
eposit outcrops on the surface (Pebble West, PW), requiring open pit mining methods, 

and extends under non-ore bearing rocks (Pebble East, PE), requiring underground 
block caving. The deposit sits on a drainage divide, with the Upper Talarik (UT) River 

raining east and south, and the North Fork (NFK) and South Fork (SFK) Koktuli rivers 
raining west and southwest, respectively. Mining of the ore deposit would result in an 
pen pit and underground mine at the headwaters of the SFK and UT watersheds. The 

mine waste (tailings and waste rock) would be stored in two Tailings Storage Facilities 
located in the SFK and NFK watersheds. The PW open pit is projected to have a pit 
lake. Pit water can be impacted by the rock remaining in the pit walls, especially that 
material exposed by fracturing and rubbilization due to mining. If the water in the pit is of 
poor quality from decomposition of sulfide minerals, and the hydrology facilitates flow 
own gradient to ground and surface waters, there could be long term impacts to water 
ff the minesite. Subsidence will likely occur due to block caving at PE. Subsidence at 
he surface allows water to enter the underground mine from above and contact broken 
rock that will remain underground. The rock in the remaining underground workings in 
he deposit will be mineralized. This could lead to decomposition of sulfide minerals and 

acid mine drainage. If a flow path exists from the mine workings to ground and surface 
aters down gradient from the mine, migration of contamination off the mine site would 

be a long term issue. Tailings dams will be built to contain waste, several with heights 
ver 700 feet. Tailings dams must stand in perpituity. A large earthquake might cause 

ailure of a tailings dam. A catastrophic release of a large amount of tailings could lead to 
long term environmental damage with huge cleanup costs. The probability of such failure 
is low, but the consequences are very high. A 104-mile industrial road will connect the 
mine and the port sites, with a concentrate pipeline parallel to the road. The pipeline will 
be engineered with leak detection systems and shutoff valves, though material between 
he shutoff valve and a break can still leak from a ruptured pipeline. Concentrates are 
moved via conveyor onto a ship for transport to a smelter. Concentrate spills during ship 

Meanterrgth, ~eanweignt, p~rcentag~ byageclass, sample size, and stanclard.e(ror 
e,rmstatistics.are pre,sentecf·by ge~r ty~e for S'amp.les of Arctic grayffng. tfl:yma1Jus 
rcticus c~lfected over a .26:year period (1964 throu~n 1,989} from waters of Southwest 
J~ska. q;t the 10,298 rec()rdssu~marizeEii in tabularform, .age ~stimates, based on 
cale s~rnples, are avai~ablf:I IDJ'. appr()ximately 7 ,043 record~: This dQCument is th~ 

most c ... omp.· tete and unifi;>:rm summary of available size and age information yet to be 
'.-,, '',,, o;-, ,, ' ' ' ''+ ' ,, ' ,,, 

n angler effort survey was conducted on the Alagnak River from 10 June - 10 August, 
000. This was a collaborative effort between the Alaska Department of Fish and Game -

Division of Sport Fish (ADFG), the National Park Service (NPS), and the Bristol Bay 
Native Association (BBNA). ADFG provided detailed data collection instructions and 
echnical review of the project design. Several problems were encountered during the 
project and it was not completed as scheduled. However, the data collected indicated 
hat during the study year there was heavier use of the lower river than the upper river 

and peak use occurred during July. Rafts were most common in the upper river and 
ecreased in frequency with each downstream segment. Overall use was dominated by . . . 
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his report de~afls tn~ Inventory 0f mammals ir:i..Laj<e Cfark National Park and Preserve 
LA()L) between 71 and 3,'l July 2003 as pa(t of~ cooperative effort of the. Seringra,n 
oeyoltdion P,roject at the. M0,seum ~f Southwestern Siolo;gy, Universtfy of New Me?Cico 
nd me, Inventory and Monitoring Program of the National Park Service.of Alaska. We 
Erginthe process °'f docum~nting ttie a~proxfm,atety 36 specfes ofmammals>that occur 

in the Park, )Mith ·~ prim,ary focus on small ~mmals (Le., shreyvs, v()les, le.mr,nings, 
easels~ porcupine, squirrel.st and harf:Js). Tliis stmi~~ resulted in 856 prim~!)' 
Pecimen~ comprisirrg 17 species. A;9ross ~U locaHtfes !>ample~, two shre~s (Sorek' 

cinereu~, $ .. mo'!ticolus) and a i:nurif;j ro~ent (Clethr:i~nomys rutilt15,) ware the most 
requently captured.specie,s, .. comprising over 8:5% .Pfatf mamm,als sampled. Tt'le 
iscovel)' of singing: v<1te (Microtus rrtiurus} at Turquoise Lake constitutes a new mai:nmaL 

or the pa(kand amajor range exten,sion {orJli~ species: This inventory ~lso provided 
he first doc.umente€1 records in LACLof pYgmy shrew (Sore~ My[}, montane shr~ 
Sore]( mon~ioo1U$), tundra shrew { Sarex tundrensis),IitUe. brown D,at (Myotis l~cifugus), 
nd ermine(Mustela ermlriea) .. Two tiny shrews. (Sorex yuk'!nicus) collected at Turn~r 
Ba~ are qnLy tn,e secofld record of .this rare ~pecies. in the par~ and ccmstitute~ th,e. latesf 
dditionsto .the37 specimen~ now.know~ tosctence .. The fin~lngs.trom, fh:is.stud~1.\l\fh~n 
ombfnectwith ~p$cimen information gatfiered trom a r~view. qt holdings at the UniverSity 
f Alaska Museum and other major collections, bring the total number of dooumenied 

," • • "O 

uvenile coho salmon (Oncorhynchus kisutch) production (tissue elaboration) was 
monitored in 12 laboratory streams under six replicate treatment levels of fine 
edimentation. Increasing sedimentation supressed fish production. Our data confirm 
hat habitats of salmon id juveniles, as well as spawning areas, should be protected 

against fine sediments. Substrate Score, a visual technique for evaluating stream 
ubstrate quality, correlated closely with both the geometric mean particle size of the 

None 

Between 1991 and 1993, Alaska harbor porpoise (Phocoena phocoena) abundance was 
investigated during aerial surveys throughout much of the coastal and offshore waters 
rom Bristol Bay in the eastern Bering Sea to Dixon Entrance in Southeast Alaska. Line­
ransect methodology was used, and only those observations made during optimal 
onditions were analyzed. Survey data indicated densities of4.48 groups/100 km2 , or 

approximately 3,531 harbor porpoises (95% C.I. 2,206-5,651) in Bristol Bay and 0.54 
roups/100 km2 , or 136 harbor porpoises (95% C.I. 11-1,645) for Cook Inlet. Efforts off 

Kodiak Island resulted in densities of 1.85 groups/100 km2
, or an abundance estimate of 

740 (95% C.I. 259-2,115). Surveys off the south side of the Alaska Peninsula found 
ensities of 2.03 groups/100 km2 and an abundance estimate of 551 (95% C.I. 423-719). 

Surveys of offshore waters from Prince William Sound to Dixon Entrance yielded 
ensities of 4.02 groups/100 km2 and an abundance estimate of 3,982 (95% C.I. 2,567-
, 177). Combining all years and areas yielded an uncorrected density estimate of 3.82 

. 2 . . . . 

1. The .. uptake of heavy meta£~ via t~eafimentacy tract can be an ilJJportant factor for the 
metal buaget of.fish. 2. Conc,ept~ such as biomagnif!c~tron, bioaocumulation, 

i<>transference, or concentration factors; conv?Y ~ittle. informati()n about the real threat 
rigin~ting from heavv metals in an aquatic food chaln .. 3. In potruted aquatic ecosystems 
he transfer of metals through food chalns canbe high epowghJo briry9 about harmf{;JI 
oncenirati~ns in the tissues of fish. rms relations,~if) is called th~ food ?hf!in effect. 4. 

, wo.kilfds of ecotogicat factors. influence the tr:od e~atn effect: firs!ly, high l~vels of 
ontarr:ination of th~ food, and, secorrd,ly, the reductioq ofspeci8,s ~iversifY': Wtien 
usceptible<spec~s are·eliminated, ".16tal~tolerant food organisms may become 
aminan,t Ttterr tol8,Fctnce may bebaset;I eit!Jer .on their ~bilify to accumulate.exce$"ive. 
mounts of metals .or to excl.ude heavv metal.s from the tissues. These. two .strategies . ~ , . '/, 
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Bristol Bay Management Area supports the largest sockeye salmon Oncorhynchus nerka 
ishery in the world. A key to the sustainability of the fishery has been conservation of 
ockeye salmon biodiversity, which is derived from a wide variety of life history types and 

multiple distinct, locally adapted populations. Alaska Department of Fish and Game is 
responsible for managing commercial fisheries in Bristol Bay under the sustained yield 
principal. Accurately estimating the stock composition of catch within the fishing districts 
is critical to determining the total run (catch and escapement) of each stock, especially 
onsidering that sockeye salmon stocks in Bristol Bay can be exploited at rates up to 
0%. In recent years, the department has developed a genetics program for sockeye 
almon in Bristol Bay to develop and apply genetic methods to identify the stock 
omposition of mixtures (mixed stock analysis; MSA). Here we investigate where fish 
rom different stocks are captured in the commercial fishing districts during 2006, 2007, 

and 2008 and compare these results to those based on the traditionally used method of 
age-based MSA. Results from genetic data support results from previous studies 
howing that high proportions of the stocks captured in fishing districts were under- or 
ver estimated by large amounts (2%-435%), and that these new estimates resulted in 
onsiderably different estimates of total run by stock (1%-164%) compared to traditional 

. . . . . . 

Mblting adult Stellaf's Eiders .. lPoJysticta stellah) were bande'd at liet"bek Lago~n f1961:: ·· 
1998} an~N,elson Lagoon (1995:'.1~9()a,torr,gthe Jower Alaska Peninsula.to petermine 
reedin,g distribution .and movements. Of 52:,985 §telta,rs .. Eiders bandett. 347. were 
ec~ver,ed: The overall low.recovery rate may n?t be indicative of harirest levels but may 
e due .to low reporting rates of tJands ... Almost.all~recoveries during summer were from ·· 

R,ussia and r~covery rates did not vary be'lY/een. ~exes; We found no evidence that 
tellar's Eiders molting irrspecific l~tiops were more Hlfely to. be recovered .in specific 
eographic locations.in Russia. Our.recoveries suggest that stellar's Eiders molting 

, ,, ,,, ~ ' , "' ;. \ .. "'', ' ,,,, 

he 29th consecutive spring aerial emperor goose survey was conducted from 1-3 May. 
he survey area is coastline and estuarine habitats from Jacksmith Bay to Wide Bay, 

including the north and south sides of the Alaska Peninsula. A total of 91,948 emperor 
eese were observed, up 41.6% from 2008 and up 43.2% from the long-term average 

(64, 190, 1981-2008). This is the second largest count since the survey began bringing 
he recent 3-year average management index to 78,144 birds (up 7.2% from the 
previous 3-yr average of 72,864 ). Other species of emphasis included Pacific brant and 

re tailing~ .rmp~unClments th~ .. m9st chaf~e~girig facUities that geotechnfcatengfn~ers wm 
ncounter durirrg .. Jhe.ir car,eers? · Whether:ti1ne answers yes or no,· there can be no 
rgument ttrat th~se, facilities are inde~d C!'alleng.ing arrd thatihe,reJs Uttle r?orn for erroc 

lrrth~ir design. and. st~wardsffip. Where .more ropm .. ftas been sotJght, faHo,res have neen 
he·aU too.fre:quentresult: .. Can thes~ faHures·beavoided?· Many geotechnic:al 
pra~Utiorrers get fnvolved with mine tailin3s impounGlments. The,se i:m~cUtio~ers.should 
make themse1v,es·famUiar With the extensive and~ unfortunately;growing dl!(tabase·of 
mine ~Uings tmpoundment f~ilure case hi~tortes. · Many~of the failures 10, tne databa~~ 
avetJe~.n th,e;direct rec5ult of a ge:o:tecnni~lfailure rnod~; f~Uure modes thatshould.be 

Mining of massive sulfide deposits in southwestern Spain extending back to the Copper 
and Bronze Ages has resulted in the pollution of the Rio Tinto fluvial-estuarine complex, 
he site of Columbus' departure for the New World in 1492. Additional sources of 
potential pollution include the large industrial complex at Huelva near the lower portion of 
he estuary. Extensive analysis of surface sediment samples and cores has established 
hat there are no geographic trends in the distribution of the pollutants, which include Cu, 
Fe, Pb, Zn, Ti, Ba, Cr, V and Co. These data have, however, demonstrated that tidal flux 

ithin the estuary carries phosphorus and perhaps other elements from the industrial 
omplex at Huelva to the tidal limit of the system, several kilometers upstream from the 
ischarge site. Radiometric analysis of short cores shows that sedimentation rates over 

None 
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None 

None 

None 

None 

Norie 

None 

None 
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None 

None 

None 

None 

Information about the red salmon runs and the spawning streams and beaches in the 
Kvichak River System, Bristol Bay, Alaska, is cataloged in this volume. The material is 
ompiled from data obtained from spawning ground surveys made in the area since 

1955 by the Fisheries Research Institute of the University of Washington. Earlier work 
as financed by the salmon canners of Bristol Bay. In recent years the work was 
upported by the Bureau of Commercial Fisheries. For each spawning stream or beach, 
he catalog gives, whenever available, the stream catalog number, name, location, and 
physical description, including dimensions, bottom quality, flow barriers, watershed size 
and type, vegetation, gradient, water velocity, estimated flow, air and water temperature, 
and general information including shelter, survey routes and methods, personal-use 
isheries, and wildlife species. Then a description of red salmon runs to the area is . . . . . . . . . 
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larqe and. growing body.of literature has ~oc~mentea the transfer of ni~rine-derrved 
utrients from:the ocean to freshwater and riparian system~ by semelparo~s r,acitt~ 
afmon Oncothynchus spp. The patbways. by .which, these Qtdrients reach resji:tent frS,h 
re ofteQ rndirec:t. andtf)e evidence fordirect benefits to the resident fish is not ~fways 
~nclosive: Howeve(; the. cof1sumption.of salmon trs,sue .(in •one forri; or another} by 
esidentfish woulrJ constJtute. a directand efficient pathway.for eneigytransfer .. We. 
tud.i~d a p9pulation ofsmall-bodied, f!'~nanadromous Oolfy Varden Salvelinus malma 
eeding on the ft¥ and. e~gs of s.ockeye salmon (:l ~er:ka and. blowfly (family 
allipt'\oridae)larvaetliatf:Yadfed.on s.alm~n careasses~t:a series ofspring7fed an(j 
.therwise unp~o:duotive ponds Jn sQuthwestern Alaska. Th~ Doll¥: Varden fed heavilyon 
ockeye salmon f(Ywhen a~ailable, shifted their diet alm~st exclus:i\rely to sggs after 
almon spawning commenc~d,.and then shifte~ to .. blowfly larvae toward ~he, end of the 
eason. Dotly V~rden.J~rge enough too/at :ggs moyed into ponds where sockeye 
alri;on spawn synchro9ously with the arrival of the. salmoQ, a11d Dofly Varden growth 
~tes increased greatly once%&almon :,e9QS and bl()wfly maggots were available. Young-of: 
he Qolly Vard!n; which wer~ too small to e~t eggs and fry, ~ere.concentrated in 

ms be~een ponds where fe~er sock.eye safmon spawn, per~aps tp minimize 

he impact of mining and smelting of metal ores on environmental quality is described. 
Mines produce large amounts of waste because the ore is only a small fraction of the 
otal volume of the mined material. In the metal industry, production of Cu, Pb, and Zn 
auses the greatest degradation of the environment. Copper mining produces extensive 

mine wastes and tailings and Cu smelting emits approximately 0.11 Mg of S per Mg of 
Cu produced in the USA. Zinc and Pb smelters release large quantities of Cd and Pb 
into the environment. Metal smelting and refining produce gaseous (C02, S02, NOx, 
tc.) and particulate matter emissions, sewage waters, and solid wastes. Soil 
ontamination with trace metals is considered a serious problem related to smelting; 

however, mining and smelting are not main sources of global metal input into soils. 
Other sources like discarded manufactured products, coal ash, agriculture, and 
ransportation take a lead. Smelters are the main sources of atmospheric emissions of 
s, Cu, Cd, Sb, and Zn on a global scale and they contribute substantially to the overall 
missions of Cr, Pb, Se, and Ni. A quantitative evaluation of the environmental health 
ffects of mining and smelting is difficult because of the complexity of factors involved 

. . . 

his paper proVides an est!t;rrate ofthe economic value ofwfld satmon ecosystems In the 
majorwafers,heq QfBristol.Bay,Ataska: The analysisutlliies both regional economic and 
ocial bene,fi~·cos,t accouryting frameworks: Key ~eotors analyzed i~clude subs/s.tenoe, 
ornmercial fishing, sportfisf\ing, flunting, an~ nonconsumptlve witc::Jllte, viewing af1d 
ouri~m, f~e mixe(l cash-~ubsistence eronamy of Bristo~,Bay supports a population of 
,f).11 (2000 census) that i~ 67 t?ercent Alaska {\.lattve. Estimated expe~ditures and, net 

.conomtc v~lu~s fer all sectorswereb~sed on a literat!;'re review and avaUabfe.data: 
itti the e>eception t~at origi11at data was coUected for~005 o:n the sport fish sector using 
~andom s,ari;pte of licem;ed Alaska anglers. Methods included. use of a regioftal input: 

utput model maintained atthe University of Afaska, and survey research and contingent 
Imation methods tor tn~ ~po~ fisherri;en ... Potential res:pondents included·686 resident 

ngters:and··1z514 ncmresident ang.lers, contact~d through a maillin,temetapproach'. 
. dclftionatry, 3GO ticense:d ~nglera, 330 cllents of 6ris~ol Bay fisnir:ig lodges, and ~6 lodge 
wne,rs were contacted through a mail survey. R~sponse rates .ranged from 2576 pe~~ent 

or, residentanglers to 44.1 ~rcent for nonr~sidents. estimatad directexpe!"!diturestsales 
ere $,234.4 m.illion in 2005 for.commercial fishing and f:>roce,ssing, $~1 million for sport · 

1shing, $1.7.1 million for wJidlife .. viewing, $7.2 million for subsist~nee.::related 
+ • ,, • /. 

None 
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his report summarizes sport fisjierie,s addresseo, i~ 1;3ristol Bay proposats·to the Afasl<a 
Board of Fisheries durirrg 2009. Fi.shertes includ~ Nushagak-Mulchatna Chinook sa,lmon 
King) Oncorhyncflas tshawyt~cha, and Brooks ~Iver and American creek ralrtbow trout 
o. myki~s: The spC1>rt fisheries are descri~~d •. and estim,ates .pf sport ef{ort, catcb,and 
ar:vest, andescapeme~t areprovided. O~er:vie~s of ryianagement for each fishery are 

proyided; S\f~h as pertiQent sport fishiQg regutatio11s atyd manageme,nt plans, inatucting ·· 
he effects of climate warming on the thermal habitat of 57 species of fish of the U.S. 
ere estimated using results for a doubling of atmospheric carbon dioxide that were 

predicted by the Canadian Climate Center general circulation model. Baseline water 
emperature conditions were calculated from data collected at 1,700 U.S. Geological 

Survey stream monitoring stations across the U.S. Water temperatures after predicted 
limate change were obtained by multiplying air temperature changes by 0.9, a factor 

based on several field studies, and adding them to baseline water temperatures at 
tations in corresponding grid cells. Results indicated that habitat for cold and cool water 
ish would be reduced by -50%, and that this effect would be distributed throughout the 
xisting range of these species. Habitat losses were greater among species with smaller 

initial distributions and in geographic regions with the greatest warming (e.g. the central 
Midwest). Results for warm water fish habitat were less certain because of the poor state . . . . 
Ecqltigical risk assessment (ERA) ha~ Qecome an essentiaHoolfor€1etermlh:ing impacts 
0 biological receptqrs asaresult of contamination !rommetal mining taciliti~s 
Brumbaugh et aL 1?94, Canfield etaL 19~4, ln~ersoUet a!: 1994, Kemble,etat ,1994, 

Pascoe and Oa15ogUo 1994, Pa,"sco~ et al. 1~94, Linkovet at 2002). The Wn!t,e<if States 
E,mtironmental Protectipn Agency.(E~~) RiS,k Assessma~tForumde:relope~.the 
Fra.mework tor Metals RJsk Assessment(2'007a), wflich isascie~ce-based docum~nt 
hatad~resses thespe<,!ialattributt:Js and . .beh:aviorS of metals and metal compounds to 
e co~sidered .when assessing their hum<!n he'alth a~d :ecological rislts: . T~ date, efforts 
aye been designed to a~dre~s th~ impacts or ris~s· p05ed by meta[s ~ontamination 
uflseq(JenHo mining oper:ations,. FeVJ:, Uaf!y, ERAs have been direct~d atpre:-minif1g 

impacts. Smfth(2007) provided strategies to predict metal mobility at mfr1to,g sites .. ···· 
~rough eyaluation of so~rce Ch~racterization, ge~nv,ironmental rpodels, geoavaHabiflty, 
nd .. metals specialion; controlling phystcocnemicatattribut~s (e.g .. , sofUbility, .pl-:!, 
(Jff)tion).inaqueousenviro,nments aretiiscussec:I relative to their.potential to 1;1lter metals 
foavailabllUy, The relevance of historfcal informatic)n on m~tals contamination 
ssociate('.l. with other mine. sites; along. witl:l the potentialfqr acid·r,tJine .drain,age (AMD) 
m:t mefals .release af"ld e~posure1 l;>ase,d on review of the baseline data and 
ecrc,hemical characi,ertstic,s at a site; have ~een useci to 1jevelop both. quantifath1e and 
~C,tlitative preg.ictions of risk. Ttie present ERA is desrgntJd to analyze .and portray the 

potentfa,I risks to globally signifi~ant satmon. resources o.Uhe. NUshaga,k·l\llUlchatna, and 
Kvichak riyerdrainages {proximal headwat~r areas) as a res~lt of large:.scale mining and 
ssociatef,1 facilities. These risks in.clwde both physical. destructi9nand. alteration of 
atrnon habitat inaddition to.. robable effects from clran es to water cfiernist and 
he study examined two competing hypotheses seeking to explain the Kvichak cycle: 

(1) existence of a depensatory agent independent of the fishery and (2) depensatory 
ishing. The first hypothesis was implicit in the status quo harvest policy. Available data 
ere analyzed to evaluate the alternative hypotheses. Little evidence for direct 
epensatory mortality independent of the fishery was found, however, production was 
epressed in brood years following large escapement brood years. In addition, the 
ishery itself was found to be extremely depensatory. A stochastic empirical computer 
imulation model incorporating processes found in the data analyses was used to 
xamine the consistency of brood year interaction with the depensatory fishing 

hypothesis and historical cyclic patterns in the Kvichak run. The model predicted weak 
yclic patterns in the unexploited run and strong cyclic patterns, consistent with the 

historical patern, in the run exploited under the status quo harvest policy of cyclic 
scapement goals. The model was then used to evaluate the alternative harvest 

policies. There were almost no differences in simulated catches under the status quo 
and static fixed escapement goal and static rate of exploitation policies. Substantial 
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stYdied .themrgra:tien ~hd winter distribufio,n of ad~.lt Greater::. WhJtefronted ·Geese 
(Ari~er alibfron,~ JrontaHs,) racHo~markec( on the Yukon Kuskokw1m Delta {YKD) and 

ristol Bay .. Lowf~nds (BBt:.).ofAlais~ fmm.1987 to.1992:.The major aytumn s~ging·site 
or geese frornboth breedin9 areas was the Klamattl Basin on the California/Oregon 
order.. Howt;lver; tem,poral use of. t,his area differed marke°'ly, b~tween population,s. 
ease fromtheBBLarrived~t th~ Klamath Basin nearly30 days b~fore geeseffomJhe 

·KO and departed before m~st.'YKO geese h~d arrived.Ninety percent of mBL geese 
sed th,e Krama,th B~sin in ~utum~, Wherea,s 30% ~fYKD.geese, bypassed the Klamath 

Bas.irlduring autumn ~nd .. instead flew. dife9tly t<,> the Central. \falley of California. Nearly 
U BBL g~es,~m,igrated directly from the Klama,:ih Basin.to ~i~terJng.areas in Mexico, 
yp~.s~ing ttie·Central Valley~ Ninety percen,t ofthe B:BLgeese vaintered in Mexico, as 
pp(>,sed to <20°/<rofthe YKO geese,. Wetlands Of the Interior .Hightam:ts in tffe state of 
flihuatiuai particularly. t.::a,~una Bibicora., were used by >90% of thS, radio-marked 
~ese in ftllextco. Marshes along the West Coast comprised the other impa~nt wioterirfg. 
a~itat fn Mexico. The Sacramento VaJJey of .California was,the predominant wintering 
rea. for.YKD gees~, B.BL ge,e,se migrated north fre>mMexico into tbe San .Joaquin va,Hey 
r.Sacram,ento-San Joaq~in Qeltaof CaJ!fomia fly ttie lastweek;of.January'. ·Fiffy•fivE7 

p:rcent of tfte BBL population us~d the .~lamattrBasin in s~rirrg, l:)ut many birds :s~ged 
in eastern ©mg°,n and ~ste~nldahp. In contrast, geese from the YKO sta,ged almost 

xclusively .in theKlamcith. B~sin during spring. ~efore flying to•sta,ging areas in Alaska. 
Breedin Ho at and m oral :arUtionin on· t in and wint rin areas fikel ·· 11.as 

marked vertical trend of increasing temperature and dissolved metal concentrations is 
bserved in the monimolimnia of some meromictic pit lakes of the Iberian Pyrite Belt 

(IPS) in SW Spain. Temperature differences between the chemocline and the pit lake 
bottom can be as high as 15°C (e.g. Herrerias), and the respective concentration of 
ome metals (e.g., Fe) and metalloids (e.g., As) can increase by several orders of 

magnitude (e.g., Cueva de la Mora). The redox conditions also change drastically from 
he upper and oxygenated mixolimnion (strongly oxidizing) to the lower and anoxic 
monimolimnion (moderately reducing). Processes such as the inflow of metal sulphate 
laden ground water from flooded shafts and galleries, and other factors such as the pit 
eometry or the relative depth of the lakes, must be considered to account for the 
bserved stratification pattern. The vertical profiles of physico-chemical parameters and 
ater chemistry obtained in Cueva de la Mora and other meromictic pit lakes of the IPB 

. . . . . . . . 
BetVl(eeo.June 19:7$ and June 1977,·five aerialsurv~ys were conducted along the 

astern Aleu,tian !$lands and thro1.,1ghout J?ri~tol Bay to stYdy.the distribution and 
bundaMe of the barbor sea1·(Phoca .vitulinaiichatdsi)during the. breeding seaso11 .. The 
umber .. ofgroup s:ightings..and.the:total nurnber.ofseal.s obseryed vari~d significantly 
ith the title height {P<().01 ). Fiffy:.s,even perc!eot more se"ats W,ere observed. Ori a loW 
iUeth~n tl1 ttte same a,rea surveyed n~ar highti~e. Thre~ Jocati()hs~Port Moller, ~ort 

Reisen, an(j Cinder River along.the north. side ofthe .. :Alaska PeninstJfa accounted for 78 
,. . ,,, ,,, 

e constructed a patch dynamics model which can be used to simulate the changing 
izes of resident populations in a series of interconnected habitat patches. We applied 
he model to white-footed mice (Peromyscus /eucopus) inhabiting patches of forest in an 

agricultural landscape. The model predicts that mouse populations in isolated woodlots 
have lower growth rates and are thus more prone to extinction than those in connected 
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he·Kvichak R~ver ofSdstol Bay,, Alaska, is one of the. wortd's lamest sockeye salm~n 
prot1.ucing systems. This pape.r rayri~ws and documen:~s past managerne~t practices for 
he Kvictiak River sQckeJe salmon: Fishery harve~ts are marraged to meet a biolog(cal 
pawning e~capement goatset .bytfie. State. o,f Afaska and .(egulated using management· 

ptans adopteGI by the Alaska Bo.ard of flshertes. Seyeral measures c:tt~s~asonrun 
bundance are used to determine time and area.of fish~ryop~n,ings that allow the 
scapernent goal t~ be met and ensure that escapement is ot}tained througboutthe run. 

Returns to the Kvichak River have beenrelathrely small t9r se,v~n of the pa~t eight.years. 
o hasten rebuilclin,g of this run, theAlas~aBqard of Fish~ries imptE}rn,ented additiona,.1 

mam1ge111ent plans in 2001. that limit incidental harvests of. Kvichak River sockey:e 
alm!lo, 'fhese.resfricti.ons wereeffecti~e in decrea~ing the catch dfKviehak River 
ockeye safrnon, but totat es,capements .. achievtr€1.in 2002.and 2,003 wares.till belOlJt( the 

tower and of the esca~ernent g~ats thqught to proctuce the grea,te$t ¢atches. in the future. 
He .smalf runs and,resul~ng low escapern~nt levels have restricte'd> c<:>.mmercialand 

~ott fishery harvests, sustainability of th,issockeye s:almortruri does ~ot,app&ar 
~re~tenecl .at this time, The ~scapement gaal fo~ the Kvicha~ Rive_r,is set.at a level i~at 

Since 1980, the Division of Subsistence of the Alaska Department of Fish and Game has 
onducted research on contemporary hunting, fishing, and gathering in Alaska Native 

and other rural Alaska communities. This paper describes the division's research 
program and some the results of the division's studies. First, there is an overview of the 
tate and federal legislation which provides a preference for subsistence uses in 

resource management and allocation decisions. Next, the division's research methods 
are discussed, followed by a summary of some of the recent findings about the role of 
ubsistence uses in the mixed subsistence-based economies of Alaskan villages. A 
ascription of a "baseline" study in the Central Yup'ik Eskimo village of Manokotak 

illustrates the kinds of information which the division has collected for about 151 
ommunities. The paper also illustrates how these data have been applied in resource 

his report presents update'dinforrnan0.:r1 aboutsubslstence asesof fish, wllctnfe, and 
plant resourc~s i°, 5 communities of ~ou~hcentraf A,laska .-- lliamna, ~ewh~teo, 
No!ldalton,>Fedro Say, and ··PortAlslJt(Gfth .. Ttye.[)ivisicm of Subsistence of the Alaski:t 
De11artment of .Fish ·and'Game. conducted the stady in coHaboration with the National 
Pa(k Service and Stephen R Braund & Associates. The Pebble Project is a propo~d 
pen .prt mine located 1.8 miles to the nofthyvest of Uiamna and 1'8 miles ,southwest of 

Nondalton .. The poteptial ~evelopment:'ofthe rnirje rifquires updat~d baseline inf?rma(lon 
bput subsi~tence harves~ and uses, lntormatio~ was collected througn systematic 
ouse:hold surv~ys am:i ma~ping intervre"".'~: ~coping· meetings were hefd. iA eacti 
<Jmrn,uriity to elicit idea~ about ~esearch qu~sti?'.fls and to learn more about iss4es. After 

preliminary study findi~gs were available, a secqnd round of community meetings lC?()k. 
place t? rE:Mew the results~ Jf1 total, 11E> .householdswere .Interviewed, 7,~% of the year­
ound resident h()uSeh:("11ds. The study ~ocumented the continuing. importance of 
ubsistenc.e hunting, fishing, and.gathering to thestudy communif1e$ .. 1.'12004, virtually 
very person in eaefl community participated in subsistence activities and used Wild 
esourc~s: Subsistenc,e harvests. were large and ~iverse: Estimat~dwifd resource 
arves~~vvere '469pouQdsusable weight P,e~p~rse>n in IUamna., 692 pounds per person 

in Ne,wtralen1 358 pountfs per person in f\j~r;n:lalton, 306. pounds per person in. Pedro. !3ay, 
net 133 pounds per . .person in Port.Alsworth. Most participants in .this study re.ported · . ' . 
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None 

Each year thousands of Alaskans participate in subsistenc,e activities including the 
arwst Gf wrtd resourceS' from ~laska'~ fisheries. ·Subsistence fishing is a~. ffflportant 
terrient ofAlaska~$'$'ociaf arfd cultural heritag~; as weUas. a ~ruclal component of the 
ubS'istence s~ctpr ofthe state's econo!Tly. This report sµmfflari~es Alas~a·s 2007 
ubsistenee fishing se~son based upon subsist~noo permit data and harvest 
S:seSS.fl1entsurveys from across the state. New.i11f~r1T1ation ~s com!}ared .to flrldings 
rompreviousyears andthe results are discussed. Whereappropriate, harvest 

,. ' ,,,, ,,, .. .. ' ,, ~ " 

his final report presents the results of an ethnographic project that investigated how 
amilies in 4 communities of the Kvichak District of the Bristol Bay Management Area of 
Southwest Alaska develop subsistence fishing strategies, such as when to fish, where to 
ish, who to fish with, and how much to harvest, in response to changing sociocultural, 
conomic, and environmental circumstances. Research methods included participant 
bservation at fish camps, key respondent interviews, family case studies, and 
ystematic household surveys. This report describes case examples of summer 
ubsistence fishing for sockeye salmon Oncorhynchus nerka, examples of subsistence 
ishing in the fall for spawning sockeye salmon, and a review of the use of seine nets as 

a subsistence sockeye salmon fishing method at Nondalton. The report concludes that 
he subsistence fishery is vital to the way of life of the study communities, and is 

accomplished in an efficient and sustainable manner informed by traditional knowledge. 
nnual and long term variations in the fishery are shaped by a complex set of 
nvironmental, economic, cultural, and personal factors. Also, findings based on 

household surveys and permit returns suggest that relying solely on permit returns 
results in an underestimate of subsistence sockeye salmon harvests. Additional outreach . . . 

bandoned tailings and mine ad its are located throughout the Boulder River watershed 
in Montana. In this watershed, all species offish are absent from some tributary reaches 
near mine sources; however, populations of brook trout Sa/velinus fontitalis, rainbow 
rout Oncorhynchus mykiss, and cut-throat trout 0. clarki are found further downstream. 
Multiple methods must be used to investigate the effects of metals released by past 
mining activity because the effects on aquatic life may range in severity, depending on 
he proximity of mine sources. Therefore, we used three types of effects -- those on fish 
population levels (as measured by survival), those on biomass and density, and those at 
he level of the individual (as measured by increases in metallothionein, products of lipid 
peroxidation, and increases in concentrations of tissue metals) -- to assess the aquatic 
health of the Boulder River watershed. Elevated concentrations of Cd, Cu, and Zn in the 

ater column were associated with increased mortality of trout at sites located near mine 
aste sources. The hypertrophy (swelling), degeneration (dying), and necrosis of 
pithelial cells observed in the gills support our conclusion that the cause of death was 

related to metals in the water column. At a site further downstream (lower Cataract . . . . 
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lntfie summer of 200,Y, the U,S. Geologic:al Survey (USGS) began an, explof1:ltion 
e?cheO'lical res<farch study qver th~ P~tif>le porphyry copper..gold:;molyden~m fCu .. ~u­

Mo) deposit in sol)thwe~t Alaska: .. The P.ebbl~ deposit Is extremely large and. is almost 
ntirely C()nceal~d by tundra, glacia,I deposits, aiJ€1 post-;Creta9eous, volcanic .and 
olcan!clastic, rocks .. The deposit is'presently.being explored by Northern ·oynasty 

Miher:als, ll(f., and.Anglo::-Am~ricanLLC.The USGS undertakes µnbiased'. t>road-$cale 
mineral re~ource assessments of government tandstoprovide Congress.and citizens 

Ith informa,tion on national min,e,ral endowmen,t. Research on ~nown daposits.rs.atso 
one to refine and bette~ constrain metflods ~rtd deposit model~ fo: the min~ral. resource 
ssessrnents. The Pebble d~p?sttwas chosen for t~is ~tudy fiecause it is concealed bY 
urfi~fal cover:ock~,Jt is relati~ely undi~turbed (e){cept for exploration company drill 
oles)! itJs a large ... mi~erat system, aqdit.is ~irlYvtieiI constrained at depth•bythedi:ftt 
ole. geology amiJ ge()chemlst~, Tbe goals of the lJS(lS study are {1) to determine 
fieth.er the CQncealed depesft cao be detectad w,ith surface samples, (2) to better 
nderstam:lt~e processes of metal migration fram !he deposit to the.surface, and {3) to 
est .and dev~lop ~tnods for assessin,g mineral resources in similar concealed terrains~ 
hi;; re~ort pres~nts analytical resutts for geo,cnemical s~mpJes c,onectad in ?~07 f~om, 
he Pe~~te deposit andsurro,unding envi[on,s: t:he analytical ~ata are presen,ted cUgitally 
oth as.~~ integrated .1\lli~resoft 2003 Access ® database ~nd .as. Microsoft 2~03 ® excel 

ties. The Pebble deposit isJoc~ted. in soYthwes!emAlaS;tfa o.i:tstatelan.cls about3Qkm 
18 mi) ndrthwes.t of the vtlla,ge of llliaftlna and 3~0 kf1'l {200 mi) southwest of AnchO(clge 
fi . 1, . Elevations in.the Pebble area r:an e from ~8.7 m 940 fl:. at F in ~ah. Lake ·ost 
he present report presents analytical results for geochemical samples collected in 2008 

rom the Pebble deposit and surrounding areas. The analytical data are presented 
igitally both as an integrated Microsoft 2003 Access® database and as Microsoft 2003 

Excel® files. During two 2008 sampling periods, July 07-20 and September 20-24, 
USGS scientists collected soil, water, bedload stream sediment, bedload pond sediment, 
pond-sediment core, heavy-mineral concentrate, and till samples from the deposit area 

ith the aid of helicopter support because the site currently lacks transportation 
infrastructure that allows ease of access. The sampling was undertaken during relatively 
ry and stable weather conditions. Only minor scattered rain showers occurred during 
he sampling periods, so surface conditions were largely unaffected by weather. The 

. . . . 
Nohe 

None 
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Because .of tfle burgeoning interest in salmon, growirrg .indiCatlons··of the1r. ecetogicat 
importance, and r~centcaflsfor management toconsiderthe r~!e of ~almqn ln aquatic 

n,a terre~trial ecosj'Stems (e:g.c Larkin antl Slan~y 1997)., we take this opportunity t() 
evi~w what is u~derst~ti about the runcfi°'n ofsi!itmon as key elemeots of ecological 
yst~ms. Our objectives are twofold. First, we expan,d .on prevtous re~i~s of sa"f mon 
Willson et at 199,8, Cede.motm et at. 19~9}to include rece~t ces~arch>th~thas ~mplified 
nd mod'lfied. earlier ideas about me contritfution of satmon to ecosystem .processes. In · · 

.. o,ing so, we. desqrit>e the composition, . magnittld~, arn;t tiJstributioo of marine inputs to 
reshwater and ter,r?strtal systems vta satmcm. We pse an e~panding .group of studies 
pertain in~ to stream nutoenf budgets and ~almon physiology to .construct a scl;lematic 
hat illustrates s~frn,on-~erived pro~ucts and th.e pathwetys by which tney enter and are 
etained in ~quatic and terrestrial fOod ~ebs. We then. consider fhe ecolag.ical variation 
ssociated.withsalmooid ecos¥~temsand howthis may lnfluenceffle ecological 
esponse to the ~salmon 'input s~cond, we cqnsider h()W.this variationJn ecosystem 
es11onsemay>lnflue~ce rnanagem,en.ta,np conse.rvation efforts .. Weconclude.l:>y 
uggesting new research directtons to help {!fl the gaps. in our cui'rent understanding of 

here are three breeding populations of the Marbled Godwit Limosa fedoa (Linnaeus): 
he prairie-breeding birds of mid-continent North America, and widely separated tundra-

breeding populations at James Bay, Canada, and in the vicinity of Ugashik Bay, Alaska, 
n the north coast of the Alaska Peninsula. The Alaska population, which apparently 
inters locally on the Pacific coast from Washington to northern California, comprises 

birds with shorter tarsi, shorter wings, shorter culmens, and more massive bodies than 
hose of the mid-continent population. Believed to have persisted near Ugashik Bay 
. . . . . . 

None 

Understanding changes in spatial and temporal patterns of harvest is vital for proper 
management of wolverine Gula gu/o populations. In Alaska, wolverines occupy nearly all 
areas of the state and are classified as furbearers and big game, with annual harvests 
averaging 545 (SD= 80) individuals since 1984. Because wolverine reproductive 
potential and survivorship are relatively low, it is important to understand spatial and 
emporal harvest dynamics to ensure populations are not overharvested. We analyzed 
he effects of geographic region, time period and number of harvesters on wolverine 
harvest using Poisson regression modeling. We also examined local harvest patterns for 
a portion of south-central Alaska where human population levels and concentrations of 
roadways differ substantially. Patterns of wolverine harvest during 1984-2003 indicated 
onsistently higher harvest densities (wolverines/1,000 sq.-km) in the southern portion of 
laska. The Poisson regression model (goodness of fit: Chi-square = 1300, df = 1288, P 

= 0.60) estimated mean annual harvest levels (wolverines/1,000 sq.-km) that were 
higher in South-central (0.35) than in Arctic/West (0.11; P = 0.009) and Interior (0.19; P = 
0.001 ), but no other regional comparisons were significant. Geographic region, time 
period and number of harvesters were all significant covariates for describing wolverine 
harvest (P < 0.001 for each). Wolverine harvest densities at the local level indicated that 

. . . . . . . . 

pa\A(ning~migration of aqtllt male chinook. safrtton Gm;orhynGhi.J:s tslJaVvytsch;:Jwas 
monitored by radi~ telemetrr to determine ttreir response to the presence ofmetafs 
ontamination in the soµth P:.ork 0f the Coeur'd'Alene River, Idaho. The North Fort< of the. 
Oeur d'Alene RJ\f~f, is felativefy free. :Of metals contamin~tioQ and was u~ed a~ a controL .. 

11'1 all, 4~ c,h!ncrof< salmi>n were transported from their natal. stream, \J\folf Lodge Creek, 
~gea w~th radio transmitters, and"felea~ed in theCoe,urd'Alene ~iver2 km ... .. .. 
ownstreamof th~ confluence .of tfie so,uth Fork'aO:d me .. North Fork 'Of the .Coeu: d'Alene 

Rive~. Fi?(ed. telemetry r~¢eiv~rs were used l() mon.itor th~upstream movem,ent of th.~ 
gged chinooksalmon·tf:lr©ugh.the. confluence area for~ weeks after2releas.e. Durin:g 

his period, g~neral waterq~ality and metafs. concentraffons wete monitore~ In the study 
rea .. Of the 23 ohio9ok .salmon ot>senied to m:ove ll:P,stream:from the release site aoCJ 

hrough the confluence ar~a,the majority (1i flsh,.700/o}moved up the North Fork, and 
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Pacific salmon Oncorhynchus spp. play a central role in coastal ecosystems that rim the 
North Pacific Ocean. Given the ecological, cultural, and economic importance of Pacific 
almon, there is great interest in defining the magnitude and frequency of change in 
hese fish stocks. Fisheries scientists, through analyzing harvest records, have 
emonstrated pronounced salmon production variability. The causes underlying such 

marked fluctuations are currently debated. Collating harvest records across a broad 
eographic range over the past -80 years, fisheries scientists have advanced a plausible 

argument that climate-induced oceanographic changes explain a significant fraction of 
he variation in salmon catch records. However, without data that predate the 

introduction of large-scale human interventions (e.g., commercial harvesting, dams, 
hatchery releases), it is difficult to isolate the role of climate in shaping fish stock 
ynamics. Within the past decade, however, we have developed a paleolimnological 

approach for tracking past sockeye salmon Oncorhynchus nerka population 
abundances, and numerous papers have applied this approach to infer changes in these 
ish over the past hundreds to thousands of years. Here, we provide an overview of the 

approach and a synthesis of the work that has been conducted in this field to date. It is 
lear that numerous sockeye salmon populations have undergone pronounced changes, . . . . . 

e used fl:istorlcal ca,nneryt~cords ~f'ld current escapem,~nhmd harvest recOf~S to 
stimate historical.and current sa1rnon escapement t9westem N,orthAmerlcan··river 
ystems, in order to.determine the biomass and marjne:-de'nved nitrogen and 
phosph~fous levels E7!eUvered by adult ~almon, and tfie defic,itsc:arresponding to the 
imfnished returns of a,duJt salmon pver tfie past century. We have esUmated the tlistoric 
i~mass of salmon returning to the Pacific Northwest {Washington, 0regon, · 1aaho, and 
alifoml~} to be 160-226 ~illion kg.The nurnber °,f fish nowreturning to these d~ers h~s 
biomass of.11.8-13. 7 mHlion kg .. Th~se~numbers lnd.icate that just f3;.7~. ofthe l'T!arine":.. 

erived nitrogen and phospho~~us once deUve,red to the rivers of the Pacific· Northwest is 
urrently rdactiing thos~ streams. This nutrientdeflcit may be one)ndicatron of . . ,, ., 

Pacific salmon are an important biological and economic resource of countries of the 
North Pacific rim. They are also a unique group of fish possessing unusually complex 
life histories. There are seven species of Pacific salmon, five occuring on both the North 

merican and Asian continents (sockeye, pink, chum, Chinook, and coho) and two 
(masu and amago) only in Asia. The life cycle of the Pacific salmon begins in the 
autumn when the adult female deposits eggs that are fertilized in gravel beds in rivers or 
lakes. The young emerge from the gravel the following spring and will either migrate 
immediately to salt water or spend one or more years in a river or lake before migrating. 
Migrations in the ocean are extensive during the feeding and growing phase, covering 
housands of kilometres. After one or more years the maturing adults find their way back 
o their home river, returning to their ancestral breeding grounds to spawn. They die 

after spawning, and the eggs in the gravel signify the beginning of a new cycle. Upon 
his theme Pacific salmon have developed many variations, both between as well as 
ithin species. Pacific Salmon Life Histories provides detailed descriptions of the 
ifferent life phases through which each of the seven species passes. Each chapter is 
ritten by a scientist who has spent years studying and observing a particular species of 
almon. Some of the topics covered are geographic distribution, transplants, freshwater 

life, ocean life, development, growth, feeding, diet, migration, and spawning behaviour. 
he text is richly supplemented by numerous maps, illustrations, colour plates, and . . . . . 

[.dons (<Sa~ia spp.) ~erecot.1nted during the Alaska"'.YLl.kon Waterfowl .8re$Q!ng 
Population survey :rr0m .1971 to 1993 and the >\retie caastal Plain Watef'btrd Breeding 
Population, survey fro~ 1986tQ 1993. P()pulation indices forAfas,ka (nofcorr~cte~ for 
isibil1ty ~ias} are presented by species for boreal forest, tundra~ Sf:Td both h,abitats 
o~l:5roed.Minimummean population esti~ates (1977-:~993) w,tth 95% corifide~c.e 

intervals.were 15,3"6Q'(;t2,23,5}Red.:£throated Lqons {G. steU~ta},69,498 (±:5;596) Paqffic 
La~ns .. {G. pa~ifica), 8,886 (±843) Comn'l()nlo~ns (G: immef} and 2;636 (±614)Ye[Jow~ 
Uled t.:oom:;;;;(G: adumsu); Populations of Pacific, Common and Yellow~bil!ed L.oons did 
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e examined the population genetic diversity and structure of sockeye salmon 
Oncorhynchus nerka spawning in tributaries of Bristol Bay, Alaska, a region that 
upports the largest commercial fisheries for sockeye salmon in the world. Genetic 

variation among the sockeye salmon populations, as revealed by microsatellite data, was 
hallower than that found in other areas of comparable size around the Pacific Rim. This 
inding was driven by similarity among populations rearing in the four largest lake 
ystems located on the southeastern side of the bay (upper and lower Ugashik, 

Becharof, Naknek-Grosvenor-Coville, and lliamna lakes). Sockeye salmon in lakes 
located above known obstacles to migration on the southeastern side and in tributaries 
n the northwestern side showed variation and structure that were more typical of the 
pecies. Management of these important fisheries assumes knowledge of the 
omposition of stock mixtures captured in each fishery. We investigated the potential of . . . . . . . . 
port ~mglers. reeling in safmon,. halifiut, arn:I other fis~ ge,nerated .. -ti5ot~ dir~cUy .arn:t 

fndirectly--an e,sttmated three percent of jobs and pa):roll in Alast<a ip t99l, Thi~ is.one of 
he finding~ of a study of the economics of sport fishing that ISER 

0

C:rid fortne Alaska 
Department .offish and Game'. ·sport fishing is enormous,ly popular with residents, and 
i~itors.The Department of Fish an~ Garn~ esti1TTates that neai:ly halfa .millionarrgJers 

.1shed in Afaska in 1997, ?'ith numbers of visiting a11glers.sHghtly 8"dging Alasi('af"langlers. 
ev6,n out of ten Alaska bous,enolds have:.at feast one sport angler, N~arly half of 
las~~ts households rate hunting at:1d fist)lng apf)ortuntties. as ;important reasons why 

hey live where they do. The dep~rtmeot contracted yvith I.SER t<:> do this stu,dy H.ecause 
he. econom.ics .(Z)f sport fishing in Alaska is an impo~nt cornstderation for resource .... . • 
managers aHocafing fish stocks, evaluating fishery pr~je~ts, .an,d making decisions about 
land and water management..The0a,nalysis is ba:~ed·largely.011 information we, cof:lected 
in sµrveys of sp?rt angler's and ~uide and. charter businesses in 1993and 1994. It's not 
ntirely clear how sp?rt fishing. has changed.since 1993 •. The Oepaf1men,t of Fish. and 
ame re,ports that the.rn..imber (,)f re~.ideot Hc~nses stayed roughly the same; while.the 
umber issued to noni:eside,nt~ grew at:~b•Ut 25 ,ercent. But at ~e same time, the 
epaftlilent also reports that measures.offishiog pressure.:ang!er-:days fished and 
umbers: of fishing. frips~-have not changed substa~tially since 199$ .. There is some 
videnc:e that the growing numb~r of visiting anglers mar be mostly oasua.1 anglers, Wh,d 

1sh .onceoriWice.whife.!he,}(re in ~ta,ska,Numbers of sportct)arters opef8,fing·tn 
outhcentral and Southea,st Alasl<a.increased sharply.in the 1990s, and many customer$'. 
f ttiose, charters are tourists who buy single:-dayUcenses. So}he overaH economic 
ontribution ots ort fishin. rna · not have .. ohan ed substantial! stnoe our surve . In an 
he map area was impacted by Pleistocene-age glaciers derived from two principal 
ources. Glacier ice flowed southwestward down the Lake Clark structural trough, then 
plit into separate ice tongues that penetrated the map area from the north and 

northeast. A second major ice body probably overflowed westward from Cook Inlet, filling 
lliamna Lake basin and expanding into southern parts of the map area. At various times, 
hese glaciers blocked each of the major drainages in the map area, creating ice-
ammed lakes. These former lakes are indicated by broad expanses of unusually 
mooth, poorly drained, and gently sloping terrain that terminate abruptly upslope at 
onsistent altitudes and are commonly bordered by wave- cut notches and by beach and 
eltaic deposits. At least four episodes of glaciation are recognized in the map area. The 
ldest is marked by ice-abraded uplands with thin patches of drift and by a conspicuous 

moraine in the southwestern corner of the map area. The younger three glacial 
advances correspond to the three oldest stades of the Brooks Lake glaciation, which 
Detterman and Reed (1973) equate with the late Wisconsin glacial substage of the North 

merican glacial succession. This interval is dated at about 26,000 to 10,000 
radiocarbon years before present (14C yr BP) elsewhere on the Alaska Peninsula 
(Stilwell and Kaufman, 1996) and in the upper Cook Inlet region (Reger and Pinney, 
1997). During each of the two oldest stades, termed Kvichak and lliamna by Detter- man 
and Reed (1973), glaciers filled the Lake Clark trough and coalesced with the much 
larger glacial lobe that filled the basin of lliamna Lake. Glaciers entered the map area 
rom both north and south at those times. During the subsequent Newhalen stade, 
laciers extended only short distances southwest and south of Lake Clark; they 
enetrated onl the extreme northeastern corner and east-central mar in of the ma 
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ctivee~clia~ges of water and .dissotve(j material. between the strt:iamantt groundwater 
in many porous .sand- a,nd gravel-~ed riyers .create a dyn,amic eootone called the 
yporheic zone. Bec;ause it lies be~een two h~avily exploited freshvv:ater 
esouroes;....;;.rfvers and groundwater-:-the hypofheic zone is vulnerable t() irnpaots. coming 
o itthrough both, of.these habitats: T:hisreview f~cuses on .the directa~~ irrdireqt effects 
f human activity qn~cosystem functions of the. hyporheic zone: River regwlaJi()r,1, 

minirtg, agric~lture,.uruan, and industrial activiti~sau haveJhe potential to impair 
inter:Stitial bac:tertal and invertebrate biota and disrupt the hydrological connections 
etw~en ttre hyporheie zone and stream, gr()tn:fdwat~r, riparian, and f!Oodplaln 
cosystems . .\,Jnfll recently, ?l1r scientific ignorance ofhyporheic .processes ha~ perhaps 
xeused. the ioctu~lon of this ecotone in r!ver rna,rra~ement polt~Y· However, tf]is no 

tonge,r is0

tlie case.as webecc>me increasfn~IY aware of tne;cerftral .role. that. tbe hYR?rheic 
·one.plays in themaJnterrance of water quality and as .a habitat andrefuge for fauna: TG ·· 
u~y understand tbeimpacts of humanactivityon the hypof!1eic zone, 1tyer ma~agers 
eed to work with scientists to fOrfduct long-te.rm, studies over large stretches .ofrf:ver. 

River rehabilitation and protection strategies need: to prevent tf]e degradatiaA ofUnk.ages 
, ,,,,, ,, . •' ,. ,. . ,• 

Behavioral avoidance of copper (Cu), cobalt (Co), and a Cu and Co mixture in soft water 
iffered greatly between rainbow trout (Oncorhynchus mykiss) and chinook salmon (0. 

tshawytscha). Chinook salmon avoided at least 0.7µ * Cu/L, 24 µ* Co/L, and the mixture 
f 1.0 *g Cu/L and 0.9 *g Co/L, whereas rainbow trout avoided at least 1.6 *g Cu/L, 180 

*g Co/L, and the mixture of 2.6 µ* Cu/L and 2.4 µ* Co/L. Chinook salmon were also more 
ensitive to the toxic effects of Cu in that they failed to avoid *4 *g Cu/L, whereas 

rainbow trout failed to avoid *80 *g Cu/L. Furthermore, following acclimation to 2 
xFFFF _µg Cu/L, rainbow trout avoided 4 *g Cu/L and preferred clean water, but 
hinook salmon failed to avoid any Cu concentrations and did not prefer clean water. 
he failure to avoid high concentrations of metals by both species suggests that the 
ensory mechanism responsible for avoidance responses was impaired. Exposure to Cu 

. . . . 
he freshwater strE:ra015, of the Bristol Bay drainagessupport import<;int suhsistenoe and. 
om,mercial safmon fisheries and ·tn,tematkmafly.;famous sport .fisheri~s fer both residen~ 
pecies and S.atmon. Northam Dynasty Mines, lnc.JNPMl has proposed to mine a 

metalfi(} sulfide depositat the h,e~dwater,s of some onhese strea'!ls. Th~ proj~ci,, 
eferred to as Pebble Mine, will nave a preHm,inary lifespan of40 to 50 yiars, or even 

longer. Applications filed by NDM in .2006 .indicate that lhf? proposedprojec;t ~ill leave. 
perm~nent lands~ape features. affecting some t,hiFty square miles, inc.luding two taittngs 
pen€ls that will house f}Ulions of ton~ of mine tailings whief) yvill!nclude t,oxic materials. 

he project will .also include a .10.21::-mite access roaEt., Wi!h a slmry line and a water line 
hat will affept at least 12.5 squ~re miles and a powertransmission line: The 

s hetpJdefltify pot~ntial impacts. 01'.l the fish habitat and flstleries. 
ateg€)ries Qfthese potential i'!lpaets ~f Pebb.te Mine ~n fish habitat and fishery 

esources include: direct, irfdirect, and cumulative effects ... Direct impacts wmresult ftom 
e ~ppro,Omately 30 $quare mite footprint of tne '!lin~, pro:essln,g plant, and taiUrrgs 

ponds;. mor,e, tlian 60 Hneal mi.les of malQstem. streams7.,.prustlle adjacent tributaries ant:! 
etlands--that will be totally or parUallydewatereo; the 12.5 squ~re miles or 6,000acres 
f disturb~nce from the a~cess ntaG; r:>;orUaeiUties; and, power pr~duction (;lnd power 
upply Hnes. Siltation ~aused by road-buifdin@ activ:ittes ~msmottier fish.foo<il organisms 
nd incu1'ating eggs and .alevins. Direct ~ffects. associated with the road .also .include 
rli}grne~tation °,faquatk~, rip~rian, and terrestrial h,abitats .. Jndireet impacts wiUinelude 

increa8,ed pressure pn, and competition for,,fish an:d wilt:JUfe resources, .. be~ause of the. 
in~reased access to the area. and increasea popvlation. Cum(Jlative irof'.?acts will include 
torrg-term, '!lulti:year: losses of fish produc,tion and stream productivity. Over time, 

rJdge;s and ··culverts in !he access re:ad.can deteriorate and .intert,ere. wJthjuvenile.or 
duftfi~h migrati()n,be~een importaothab,itats. Ciust an<i!silt from the road during the life. 
ftll~.projector leakage tromthe ~furry tin~ may sm~ther fi~h fogd o(ganisms and 

iMtfi:>ating fisfi eggs and C()'U[r£1 Wash downstream to SffectspawnJng ~rtd .re~ring hab.jtat 
ln lliamna L:ak~. 'r:l adr;,Ution, the weiglit of the roadbed and.trafffccan be expecterJ to 
ompact the soil and att~r the mavementof groundwater which could disrupt beach 
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his study assessed the summer diet and consumption patterns of harbor seals (Phoca 
vitulina) resident in lliamna Lake, Alaska. The authors predicted that adult sockeye 
almon (Oncorhynchus nerka), a seasonally abundant and nutrient-rich prey source, 
ould dominate diets when available and that seals would preferentially consume the 

most energetically profitable portion of salmon carcasses. Diet was examined by 
identifying hard parts of prey found in harbor seal scats, and consumption patterns were 
measured by collecting carcasses of harbor seal-killed sockeye salmon along island 
pawning grounds. Salmon ids were present in 98% of scats that contained identifiable 

prey, followed by petromyzontids, osmerids, cottids, coregonids, and gasterosterids. The 
arcass surveys provided evidence of selective consumption patterns of sockeye salmon 

body parts. Harbor seals consumed the bodies of nearly all (96.6%) male salmon 
ollected, leaving little but the head. In contrast, the belly and eggs were consumed in 
3.6% of the female samples, and the entire body was eaten in only 31.3% of females. 

Seepage water and drainage water geochemistry (pH, EC, 02, redox, alkalinity, 
issolved cations and trace metals, major anions, total element concentrations) were 
tudied at two active sulphide mine tailings impoundments in Finland (the Hitura Ni mine 

and Luikonlahti Cu mine/talc processing plant). The data were used to assess the 
actors influencing tailings seepage quality and to identify constraints for water treatment. 
Changes in seepage water quality after equilibration with atmospheric conditions were 

valuated based on geochemical modelling. At Luikonlahti, annual and seasonal 
hanges were also studied. Seepage quality was largely influenced by the tailings 

mineralogy, and the serpentine-rich, low sulphide Hitura tailings produced neutral mine 
rainage with high Ni. In contrast, drainage from the high sulphide, multi-metal tailings of 

Luikonlahti represented typical acid mine drainage with elevated contents of Zn, Ni, Cu, 
and Co. Other factors affecting the seepage quality included weathering of the tailings 
along the seepage flow path, process water input, local hydrological settings, and 
tructural changes in the tailings impoundment. Geochemical modelling showed that pH 

increased and some heavy metals were adsorbed to Fe precipitates after net alkaline 
aters equilibrated with the atmosphere. In the net acidic waters, pH decreased and no . . . . . . 

cfassic e:x-ample of a s~sta,inabfe fishery Is thattarg~ting sockeye salmon in 'Bristol 
Bay, Alaska; wh~re record catches nave occurredcl11ring the last20 years., The stock 
?mPlex is an :ama:lgamat,ion pt several hundr~d %discrete spawning popul3,ti~fl~. 
!ructure"d within Jake systems,indiviaua,:I po.pulationsdispta,ydiverse.li~ f\istory 
haracteristics ~:u-rd loe:al adaptatipnsto .. the. vari(;lfron in sp:awning andrearfn9 habitats. 
his bi()complexity has enablet:t the ag:gregalf3 of populations .to sustain its prodwctivlty 
espite major changes: in climatic con~1,tions affecting t~ei freshwater and m~rine 
nvitonments during the least century. Different geographic and life history components 

,,,. +,,,. \. ,,. + ,,,,,. ' " 

Many of Alaska's salmon fisheries are models of biological success, with management 
tructures that have maintained biomass, stock diversity, and biological yield. At the 
ame time the fisheries face severe challenges due to low product price, and have been 
eclared formal "economic" disasters by state and federal agencies in recent years. 

From many perspectives, these fisheries are in crisis. I explore how the governance 
ystem for Alaska's Bristol Bay fishery has led to biological success and economic 
ailure. I review a range of alternative governance structures, in place or being 
onsidered, that might provide for social and economic sustainability. I also demonstrate . . . . . . 
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e quantift0£1 the amount, spaflaFCiistnbutiqn, and tmporta~ee of safmon .(On9othyncfiY8 
p.)-d~rived nitroQ,en (N) by t5rown bf!rar5 (Urs.us arotos) on the Kena,lPeninsufa, Alask~, 
e. tested:>and confir~d the hypotl;lesisthat the stable. isotope stg.nafure (o15N} of N tn 

ol!age of white. spruce (Pieea gi'!uca' was inversely proportional to the distanee froqi 
almon-:spawning.;strE?ams (r=:-~.99·and P<0.05 irftvvo separate\!Vatersh~ds) .. Locations 
f radio-cotlared brown ~e~rs, relative to their di.stance frol)1. a stream, were highly 
orrelated.with :o1'5N deplet!Of1 of foliage ac~ssthe same gradient (r,=,:-0.98 ~nd -0,96 
nd P<0;05 in the s~111e tvvo separate water,sheds). Mean rates of re(jistrtbution of 
almon-derived N by adult female brown be'ars were. 37 .2 :f: 2.9 .kg/year per bear. (range 
3,1-?6.3), ~fwhich 96% (35.7 ±2.7.kg/year per bear) wa~ excreted in urine, 3% 
1A£0:1 kg/year.per bear:) w,:as<ex.creted111 fece,s. ~nq <1% (0.3.± d.1 kg/yearperbear) 
~s ret~i~edin the b~dy ... On an area basts, salmon-N retHstrib.tition rates were as high 
s 5.1. ± <J.7 mgtsq.-m p~rvearper ~ear within 500 m of th~ streambut~ropped off 
reatlywith increasing Cl!stane.e; We estimatetHhat 15;5;: 17.8% ofthe total N in spruce 

" ., j " 

State-owned lands on the Bristol Bay coastal plain in southwest Alaska have been 
pened for oil and gas exploration. This area encompasses numerous small lakes and 

ponds on the Nushagak and Alaska peninsulas. To date, there have been few data 
ollected describing the fish species or subsistence use of the small tundra ponds in the 

region. During 2006, a pilot project was completed to sample fish communities in 
elected small tundra ponds near King Salmon, Alaska. Nineteen ponds were surveyed 
uring early summer, and fish were found in all ponds with depths greater than 0.9 m. 
laska blackfish Dallia pectoralis were the most abundant and wide-spread species 
ncountered and were found in all but one pond where fish were present. Ninespine 
tickleback Pungitius pungitius were captured in five ponds and threespine stickleback 

Gasterosteus acu/eatus were captured in four ponds. Northern pike Esox /ucius, 
longnose sucker Catostomus catostomus, and pond smelt Hypomesus olidus were also 
ncountered, but each species was only found in single ponds. Our sampling methods 

may not have been sufficient to capture all species present. The most productive 
ampling gears were multifilament experimental gillnets and baited minnow traps. Our 
ampling during 2006 suggested that, for the tundra ponds we examined, those that do 

not experience winterkill should support fish populations even though all of the ponds we 
urveyed were small(< 0.5 sq.-km), shallow (< 2.5 m), and had no temporally 
ontinuous outlets connecting them to streams. Future work should provide an inventory 
f the size and number of tundra ponds in areas of interest and representatively sample 
hose onds includin lar er dee er onds that ma be rovidin rearin habitat for 

large barre11.:-grotiotl caribou (Rang/fer tarandus grant1) popUlatfoQ (the Berirrg. 
eacoast Herd) ltistoricaH~ ranged aaross southwest Alaska, The size of tfiis her:d 
eFtked in th~ 1early 1860s butct~clined by the late .1880s. Carib?u numb~rs remained 

I.ow Jn southwestAJaska for the next .100,,ears:13iol(}gistshave argwed ttiatpenodic 
{S,J)~rsal has been animpo~ant factor i~ cariti<:>u poptdation dynamics,. However, e>thers .. 
onclude there was n9 credible .evidence that significant interchange betvveen herds has 
ver .occurred in AJaska. Since 1981, we 111onitored 318 ra~ioeollared caribov and 
ocu111entep dram<;t~ic .Populationgrowth., erratic movements, sfiifts f(om tradftional 
anges, and cha:n~es in migratory behavio~. \fJ/e also documt:Jnted shifts Jn calving 

· ... istrib1,1t:ion tha:f may contrast wtth conventional ccmcepts>of caMng tradition and her<'i 
iden,tity,. s,9me biotog!sts haveconcludedcaribou h~rds can l:>econsidered closed 
population~ for man:agement purposes;~eca:us~ th~ number of dis,pel'$ing caribou. ls $9 
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e manipulated, in accord with global-warming predictions, the thermal regime of a 
permanent first-order stream near Toronto, Ontario, Canada. We examined the effects of 
a 2-3.5°C water-temperature increase on densities, biomass, species composition, and 
life histories of resident stream invertebrates. The stream was divided longitudinally at 
he source into two channels, one control and one experimental, and a before and after 

(BAGI) design was employed such that one pre-manipulation year was followed by 2 yr 
f the temperature manipulation. Changes in the experimental channel following 
ommencement of the manipulation included: (1) decreased total animal densities, 

particularly Chironomidae (Diptera); (2) earlier onset of adult insect emergence; (3) 
increased growth rates and precocious breeding in Hya/ella azteca (Amphipoda); (4) 
mailer size at maturity for Nemoura trispinosa (Plecoptera) and H. azteca; and (5) 

altered sex ratios for Lepidostoma vernale (Trichoptera). These results partially 
orroborate previous laboratory and field studies. However, variation in the responses of . . . 
he goaI6f this project was to e,stfmate harvestS of earibou (primartly tfie Mulch~tna a:r,rd 

Nusnagak Reninsuta herds), .mo<>se, black bear, t>row,rtbear, and.0(;111 sheep (collecfively 
identf:ffeQ as ''large fand rnan:tmals" in th.is report} by residents ()fthe eommuAities of the 

estem Bristol ~ayAraa Jn Garn~ ManaQ:ementUnits ((';MU) 98 ah~ 17 (Figure 1 ), .. Tfle 
esearch was modeled after the "':lorthern A,la~kaP~ninsub~ Large Garfd Mammal Project 
ondu.cted jointly by fhe OiviS;iOIJ ofSubs,tsten?e ofJhe Alaska· Oepartr,nent of Fish and 
ame(AOFG). and the NatJ.Jral Res.ource .Departmentof the Bristol Bay Native 
ss:ociation. t~BNA) tKrieq et al.1996, Krieg et al 1998). This project was afso 
onducted by AOF,"G .and .BBNA.. It was funded ttrr9ugt1 a cooperative agreement wit~ the 

US Fish and Wildlife Service lFWSAgreement NUf!Jber 701811J3557; ADf~G Number 
·· OOP 01-073).Usingtocalrese.arch assistantshlr~d by BBNA, hou~ehold lntervra,ws 

ere conducted to collect harvest and us:e info~r,nation for large 1a,n,d mamrna;ts.Hunters 
15omapfz)ed areas use<::! tohuntand harvestttiese specie,s. Stuc;iy comfl1~nities were 
le~?agik, Clarks point, Diltinf)ham;: Ekwok, lgiugig, Hiami;a, Kokhandk, Koliganek, 

Level()ck, Manokotak, Newhalen, New Stuyahok~ Nondalton, Pedro Bay, Portage Creek, .... ~ 
Port Alsworth, r ogiak, and Twlf'..l Hill.s tfigure. 1}. Key res.poAdent interviews we.re also 

"' • • ,a'',,• • •,, 

e summarized studies on the impacts and scale effects of negative (competition, 
predation, parasitism, herbivory) and positive (mutualism, commensalism, indirect 
acilitation) species interactions in freshwater benth ic habitats since , 1986 and focused 
n organisms with mainly or entirely aquatic life cycles. Benthologists publishing in J­

NABS have contributed robustly to our overall knowledge of predation and herbivory but 
less so of other species interactions. Predators can limit the abundance of benthic prey 
and affect prey size or age structure, behavior, and morphology, and these effects can 
be transmitted through food webs and ecosystems. Herbivores can limit biomass of 
benthic algae, alter physiognomy, species composition and diversity, and stoichiometry, 
and exert strong indirect effects within food webs and nutrient cycles. Parasites can alter 
host behavior or morphology, but few studies have shown that lethal/sublethal effects of 
parasites on their hosts have population- or community-scale consequences. Fishes and 
macroinvertebrates occasionally experience competition, but the effect of competition on 
emographies and assemblages appears restricted to local scales, perhaps because 
ompetition can be modulated by many biotic (bioenergetic efficiency, parasitism, 

predation) and abiotic (floods, drought, resource distribution) factors. Positive 
interactions have been the least studied species interaction by benthologists, but interest 
is growing. Future study of population-scale positive interactions and nontraditional . . . . . . . . . 
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he AfnalcollartafUngs dam .at a,oHden Apirsa1s Afn~lcollar!Los Frailes Ag-Cu...:Pb-~n 
mine 45 km west ofSevme, Spasin, was breachEfd on 25 April 1998, flooding 
pproximately 4600 hecta.res ef laqd ~tong the Rios Agrlo and. Quad.ramarwlth 
pproximately 5.5 million cupic meters of a9idic waterand 1.~X,1Q'":6.cubic n,i ofheaw 

rr,ietal:be;aring tailings, Most f:lf the deposited tailings .and approximately 4. 7X10A6 euQJc 
m of contaminate~ soils. ~ere removed to tlte AfnalcoUa~ open pit during cte,an:up work 
n.dertakert imn,:tediately after the spnt .unti..1 J~nuary 1999. ~etaHed geomorp~ol(}gical and 
eoch~mical surveys of the post-cl.ean-up pharm~I, n,oo~pt~ln a~d va!Iey flo~r; a!l'd 
edlment a~d water sampllrrg, w~re carried out in January and May .1999 at 6 reach;es 
epresentative.of the ttpes, of river.channel .and. floo~pl~in environ~nts in the Rto 
~adiarm~r catch~nt affected by the, spilt The. colJecte'd (;}ata strow that the clean-up 

perations rem9ved ~r1ougospill-d~pCYsited sedim~ntto achi£ave pre-spill metal(Ag, As, 
d, Cp, Pb, Sb,. Tl, Zn) conoentrations in S!Jrface sediment These concentrations, ..... 
owever, are stifl. elevated above pre-mining c,oncentf:ations, and emphasise that mining 
ontinues t? contaminate theAgrto.:Suadiamar.river system. Di.fution b~relatively 
ncontarr,iinated.sedimentappears, to reduce metal conaent~ati()ns.fitoXJ!instreambut 

increases ih metal and As concentrations occur downstream, presumabfy as a,result Of 
actors sucn as.sewEfge~ndagric~l!ure. Riv~rwatersample.~collectedJn May 1999fH:l¥ 
ignificantly 9reater disso.lved goncentrations pf metals and As. than those fro,m Janua[Y 

.1999, probably due t0 greater.slllpllide m~idation fr,om residual.taiHngswith goncomitant 
elease of metals. in .the warmer early summer months~ These conc~htrations are 
educed down,stre'am, probablyby•a .combirtation ofditution and r~mQ,~al ol metals by 

mineral precipitation. Single chemical extractions {de-ionised water, CaCl2 0.01 mol/I, 
·· H3COQNH41 M, CH3COONa .. 1 M and a,mmooi~m oxalate! 0;2 M) ?n alluvial samples 
mm reach~s 1 and .6, the tailings, preH5pilt aUuvrurr,i af'.ld marl have s!'lown that the order 
f sediment-bome contamrnaotmobiHty is g~neraHy Zn>C.d>Cl.1>Pb>As .. Pb anfj. As .are 

Many explanations for diversity patterns have been proposed, and there have been 
everal recent reviews of the subject (Pianka 1966, 197 4; Ricklefs 1973; Pielou 1975). 

High diversity has been attributed both to intense competition which forces niche 
restriction (Dobzhansky 1950; MacArthur and Wilson 1967) and negatively correlated 

ith productivity (Yount 1956; Margalef 1969). The question is far from settled. This 
paper develops an approach to the problem of species diversity based on the 
nonequilibrium interactions of competing populations. Under nonequilibrium conditions, 

ifferences in diversity are strongly influenced by variations in the rates of competitive 
isplacement between communities, and such factors as relative competititve abilities, 

niche partitioning, etc., may not be particularly important. This approach deals primarily 
. . . . . . . . 

Nohe 

None 

Limited entry permft.tiol~in9s, fishery harv,est~, a.no.estimated gross eam.ings are bmt<eri 
ut by residert type. for tf'le Bristol Bays~fmon drift gi1ln~t and set gil~net fisheries. Three 
esldent typ~t; are considered: person~ who reside. in places local to Bristol Bay; persons 
ho re~lde In Ataska, bu~ in places outsi.de ~f Ji3ristot BaY'.; a11d persons w,ho are 
onr~$'idEmts ef Alaska. J,he resident status for a permit is deter:mine~. by .the resfdence 
f the .end-of-the year permit hofder. Tt\is.reJ)'ort also contains a description of, the 
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s long linear ecosystems, rivers and streams are particularly vulnerable to 
ragmentation. There is growing concern about the role of road crossings - and 
specially culverts - in altering habitats and disrupting river and stream continuity. Most 
f the culverts currently in place were designed with the principal objective of moving 
ater across a road alignment. Little consideration was given to ecosystem processes 
uch as the natural hydrology, sediment transport, fish and wildlife passage, or the 

movement of woody debris. It is not surprising then that many culverts significantly 
isrupt the movement of aquatic organisms. Survival of individual animals, facilitation of 

reproduction, and the maintenance of population continuity are important functions of 
movement at a population level. Dispersal of individuals provides a mechanism for 
regulating population density. These dispersing individuals maintain gene flow among 
populations and may supplement populations where recruitment is unable to keep pace 

ith the loss of individuals. For many small species (especially invertebrates), dispersal 
f individuals provides a mechanism for colonizing habitat, allowing local populations to 
ome and go as habitat is created or eliminated, while maintaining viable regional 

populations. Much attention has been focused on passage for migratory fish, especially 
in the northwestern U.S. In some cases, considerable resources have been invested in 
projects addressing fish passage only to find that accommodations made for adults did 
not address the needs of juvenile fish. Long-term conservation of fish resources will 
epend not only on passage for both adult and juvenile fish but also on maintenance of 

healthy stream and river ecosystems. Essential to this approach is a focus on habitat 
uality and strategies for aquatic organism passage based on communities rather than 

individual species. Without an ecosystem-based approach to river and stream crossings 
e will be at risk of facilitating passage for particular fish species while at the same time 

undermining the ecological integrity of the ecosystems on which these fish depend. 
Stream simulation is an approach to culvert design that both avoids flow constriction 

uring normal conditions and creates a stream channel within culverts that resists 
couring during flood events. Designing culverts to avoid channel constriction and to 

maintain appropriate channel conditions within the structure is a relatively simple and 

Pacific walruses (Oclobepzs rosmatz:sdlvergens) rri~ke trips from ice or land.tlatd-otit 
ites t<>, forage for bentfiic prey .. We c;le~cribe.dlve and trip ctra~cteris1fcs from tim~-depth 
ec9rder·data collected ovt'J:a one-month period·du:ing·summer from.four .. male Pacific 
atruses in J?ri~tO,l·~ay, AIS~k.a. Dives. were cla&sified into fOljf1}f P~S. St:lallow (4 m>. 
hort (2.7 min), square-shaped dives accounted for 11 % of trip time: and many V!(ere 

probab{y ~8,SOOiated witl:ftraveling. S11all(JW (2 m) .and v~ry short (0:5 rnin)dives 
ompossd only 1% oftrtp:tirf)e. D~ep{41 ... m), long fi.2<rnin), square-shaped dh1es 
cc6untttd .for 46% o·f trip time and were unctoubtedl)l associated with benthic foraging . 
.:shaf)ed djves:rang.ed 'v\(idely .. in, depth7 wereof moderatedu:rati~n f4:7minJ, and 
omJ:?OSed .3% of trip time. Thesetlives may have, been:assqciated with ~avig.<ation or 
xploration of the seaflqor forpotential :prey habitat. Surface intervals between dives 
ere similaramoog dive types, ai:id generally fasted 1-2. min, Total foragingtim~wa,s 
trbngly correlated with trip dura~ion and there was no appar~~t die'I ~attecn oh;liviog io 
ny d~ve type am?ng animals. ~e found no rorref~t!on between dlvedt1ration and 

Satellite radio-location data from 57 adult male Pacific walruses (Odobenus rosmarus 
divergens) were used to estimate haul-out fidelity, broadly describe seasonal foraging 

istributions, and determine the approximate timing of autumn migration from Bristol 
Bay, Alaska. Data were collected intermittently during 1987-91 and 1995-2000, primarily 
uring the period from May to October. Transmitter longevity ranged from less than 1 
ay to 560 days (median 75 d). The four tagging sites were the only haul-outs that were 
ommonly used in the bay from spring through autumn. Mean fidelity, defined as the 
hance that an animal will return to an area where it previously hauled out, was 0.56 (SE 

= 0.09). However, small sample sizes precluded comparisons of fidelity among years 
and among haul-outs by season. No tagged animals migrated out of the bay between 
pring and early autumn. Combined monthly locations suggest that foraging occurred 

primarily in the southern and eastern areas of the bay in spring and gradually shifted 
owards northwestern areas in late autumn and winter. Ninety-eight percent of the in-

. . . 0 
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ince 1977, · 11e Ara~kaD~pa:rtrnenf of Fish an('.f Ganie has .conducted an/anrjlila.1 mail 
urvey to esilrnate sportfishin~ participa,tton and harv~sts lfish kept~ statewide py 
lask~n fisheries, area~, regions,and~pe~ies. ~Ince 199"0, uatche~ (fi~h and clams 
arve~ted plus .fish reieasM) have .also been estimated~ Q"'tal!ed firrdings are presented 
or2001. ln.2<101,~an estimat~d 432,129 anglers fished 2,26t9.41 aa,ysand.kept 
,0778,100 of th~ 6,715,78~ fish and cfams.c~ught. T~e 31216,432, fisn harvest~d 1~ ~002 

included 788,665 razor clarris Siliqua patula an9 96,,304 smelt and capeUn Osrneridae. 
Hhe rem,ainin~ J2,~31,463 flarvesteci fish, 1,523;338 (65.3%fwere. arradromous (sea,. 

unJ salmon OncorFJ}tf1~hus, 350,809 .(1 q.1 %) were Pat;ific haHbut Hippoglossus. 
tenolepis, t2p,3iS {5~2%} were roe,kfistl Sebas~s* 117,0&3 (5.~%) w~re rainbow trout 

0. my~iss, 6Q,~994 (2.6%}wereDolfy Varden, Salv.e$~int1s malma ~nd ~cti(ichar 

None 

o tearn fl1ore>anoafmid.,Pacific. m!grati?n, we radio-:tagged 40 Pacific.Goltten-Plovers 
PJuvlalis fulveil in spring 1 ~99 on. their vvintering territories inHavv,ait, The birds departed 

in .1.ate April, @:nd with aerial monitqring v,ve relocated 19. of them irr Atasl<~·~even 
individualswere in qr, near the N~sh~gaK, River lowlands in south~estern Al~ska: Nestlrrg 
Pacivc Golden-Pto,vers were .discovered lhe~e in 199"4 disjun;ct from theprey101)sly known 
reedi~g range. The remaining three fadio;tagged ~irds were found north of Bethel on 
he Yukon-Kaskokwim De:fta: Our results suggest tfiaf breedin,g i~ ·continuous from ttie 

Nustragak region we.~t through the up.lands north .. of Bristol Bay to the Yut<on:-KtiskokWirQ 
Delta. Thus plovers wintering in Haw~H ap,:>arently nest acr<i>ss a wide area ofAla~ka. 
' e presen,t arevised Alaska breecHng distribution map fqr the species which differs 
ignilicantiy trornAOU Ch.ecKlist boundaries, The temporary attachment ofl[ansmiJier5 

,, ,,, ,, ' . , ' , . 
Much research has been devoted to the effects of acidic runoff episodes on populations 
f brook trout Sa/velinus fontinalis. Less is known about slimy sculpin Cottus cognatus 

and why their numbers have declined in acidified streams. Adult tolerance of low pH and 
aluminum (Al) toxicity is similar in these two species. Slimy sculpin spawn in the spring, 

hen high stream flows elevate concentrations of toxic Al and decrease stream pH in 
acid-sensitive watersheds. We hypothesized that acidic episodes in spring were a source 

f stress for slimy sculpin and hindered their reproduction. We tested this hypothesis by 
xamining the mortality, behavior, whole-body sodium concentrations, and spawning 

among slimy sculpin exposed to ambient conditions during the spring spawning period in 
wo Pennsylvania streams, Stone Run (an episodically acidified stream that formerly 
ontained slimy sculpin) and Benner Run (a stream with slimy sculpin that does not 
xperience severe acidic episodes). Our hypothesis was supported by the higher 

mortality, hypoactivity, lower body sodium concentrations, and lack of spawning among 
. . . . . 
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Little· is known or, hew fish re~pond.to tbe, hydra~lici environment associated with 
iversion or b~pass. stru.ctures at hy~roelectrrc power installation,s. Toad{jress this 1$ick 
fknow.ledge,this PaP~(presents results. from: a study to ass,ss howthre,e species of 

Pacific salrnonid smott (Of!Corhyncfws spp;} responded to diS,tif1Ct gradients of velocity 
nd depth ass()ciated with !We submerged weirs as tfl:ey ~assedthrough an exr,erir:nental 
ume at McNary Qatn {Columbia Rive,r, USA) under, illutninated and dark conditions. 

Migrating sr:nolts entered. one of two available treatment channeJs as coherent schools 
rom which [ndMdua1·s would ~ither disassociate from the group and pass qv~r tfieweirs: 
rwould reject them by swimming upstream~ .Alternatively, fish maintained ppsition at thEt 
pstream enct·of the flume t5y ~wimmi~~rinto the flow. Th~ response ~tsm,olts to ve.locity 
rid depthgraenent and tight condition. varied ·b~tween:species; and route ofpaissage 
·as influenced .nt •. fork .length, Initial chan,nel setectron and school size was not 

influenced .. by.weir'type, although $Cl'fools r~sided longer ll(lthlnth~.short-weir channel. 
h:e r:najority. of smofts (10%} ~n~ered th~ treatment c,tiannefs facing. downstrEram 

negative meotaxis), but switched orientation at the crests of the weirs~ This switch in 
.. "' ., . 

1. Warming trends are evident in many parts of the globe but are especially marked at 
higher latitudes, with complex effects on the biota that include direct effects on growth 
potential and indirect effects through food webs; 2. Air temperatures have been 
increasing over the past 50 years in southwestern Alaska, affecting the growth and 
population dynamics of many organisms, including a variety of aquatic species such as 
he freshwater mussel Anodonta beringiana; 3. We collected freshwater mussels from 
lliamna Lake, in the Bristol Bay region of Alaska, and measured their shells to examine 
limatic effects on growth patterns; 4. Linear mixed effects models and ordinary least 
quare linear regressions revealed strong positive correlations between local air 
emperatures (especially in May, October and the summer months) and inter-annual 

. . . . . . 
iOt@615Napd o13C values{deviatiorn~ ftorrt reaogn{zed isotope standa:fds)from 

lliamna cake (a. ma,jur a.rradrornous sockey~ salmon .{On~orhyncht:ts nerka) ~ursery l~.l<e 
upporting J)eak-year runs >10 rrtimon)and several other anadrornous-s:a:Jmon-ftee l~kes 

in the Kvichak River ~ate(SfJt:Jd, .. Bris~ol Bay7 southwest.em AtasRa, ~ere comitared fo 
eterminethe signifi~an~e of marine-derived nitrogen(MDN)delM~red ntrett.irning.cidt.llf 
almon. Biota .in Uia:mni:FL:akehad higl}er6.151'-J cornpared wtth contrgttakes, verifying a 

rnbdngmodel c~rrelatirrg o15N with MON. Periphyto~ o15N vafu,:es reflecte.d localiied 
input fror:n.f?or;>ulationsof spawning s~lmon. Juvenile sockeye MON vari~d in response to 
sc~pementSize, suggesting the importance of large escapef11ents (>1:0 million) for 

rnaintainin,~ a predominantly MON lacustrine N popL resident fishes :showed shifts 
in o15N pet.ween y~ars qtnigh. and tow e~capement. • .. auaf-isotope approach, !!sing 

15N ~nd ~1$CJogether, suggested th~t fish prpdm~t~on 1$primarily dependent on 

he Commercial Fisheries Entry Commission (CFEC) requested this study for help in 
orecasting future ex-vessel prices of Bristol Bay sockeye salmon. CFEC plans to use 
he forecasts in analyzing the "optimum number" of limited entry permits in the Bristol 

Bay drift gillnet salmon fishery. The study describes markets for Bristol Bay sockeye 
almon products and how market conditions affect ex-vessel prices. The study develops 

an equation for forecasting future sockeye salmon ex-vessel prices based on 
assumptions about future Bristol Bay harvests and future farmed salmon wholesale 

. . . . . 
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he PefJtile F>,rojectl~ a .prr:>p<,lsed COJ>,t:)er-g9ld·:molyb<;1enum,·mine, processing fac;ility and 
s,soctated ramngs Stora~e .Facility (TSF) locate~ tatitude 59"53'54" and longitude 

~55~17'~4" in th.a Bristo.I Bay r~gion .0:f soutbwest Alaska, approxlmately.238 miles 
outtiwest of AncbGraQe and 17rnilesf)orthwest of the Vilfage Qf lliarina. It is situated 
it~in lliamna ()6 a~d 07 topegraphic ml!ps In Townships 3to 5 South, Ra1;1ges 34to.37 
est in fbeSeward Meridian; Northern Dynasty Mines Inc,, theproject9wner, is 
ev~t.opinQ the project, and. tias .engaged f:(nightPiesold Ltd. to design tile T~F, which 

includes the staged constrtiction of ~onfinlrrg dams. .. .. . .... . . . .. . .· 
he, procedures forapptt~a(fo11s to, con~truota dam are putlined in Q~apter 5oHh~ 
uidelines forCo~P~ration withtti~A!a~ka D~rn Safety.Program, date~ June:2oos, {tn.e 

'Guidelines") PU,blisfled byttte [)arn Safetyahi'.f Po(l~truction Unit, WaterResourqes 
~ction, Ol~lslon otMiningi LanCI and Water.Resources oftne AI~skaDepartrnenf of 

NaturarR:esourc:es. 1'.hls report cgnstitutes the .. Initial :P.pplicatron .eacka@e for submission 
m~e,~tne Alaska.Da,rn Safety Program.as the fir$tstep towards receipt.by Northern 

Dynasty (\.1i~es Inc. of a Ce~lficate, of Approvarto Oon~truct ~ J),arn. . ·... ... · 
heproi;>osed irnpotmdrnerit wifl inoorp~rate, three embankment .stn,ictures in the South 

Fork Koktuli ~fversituated. near the. headwate~. ~s f?Ho~: 
A north embankment tttat wlfl Qe progressively raised in a'series of .stagefd ~xpansions 

o an ulttrnate hef~ht of 70P feet, . . ••. .• 
A squthe~st and soofflyve~t embaQk.[Tient tha,t wiil pe constructed in· stages to ~n 
ltima,te heig!Jt of 7.10 fe~t and .. 1.4G feet,. respectively. 

Knigh.t Pt~~old Ltd .. nas. car:rted ~ut a Ha~ard Potenti~I Cfassific?tioo •of the. dams, based 
n the, classifi~tions set ou,t in the Guidelines,. The r~sulfing preliminary classification for 
ach of the darns is Class u {Sighifi~ant?~ However, Northern .Dynasty Mines In<;. is 

pl~n,ning to Incorporate 111ore :tting~ntdes.ign criteria.ror.floo€J.and eartl:lquake e'<lents 
onsistent with a .cta~s f (High) cJ~ssification. 
his .. (eport provide~ a: project des~ription; an as~essrQetnt of the site .. clla:rabteristics with 
he Pebble Project is a proposed copper-gold-molybdenum mine, processing facility and 

associated Tailings Storage Facility (TSF) located latitude 59°53'54" and longitude 
155°17'44" in the Bristol Bay region of southwest Alaska, approximately 238 miles 
outhwest of Anchorage and 17 miles northwest of the Village of lliamna. It is situated 
ithin lliamna D6 and D7 topographic maps in Townships 3 to 5 South, Ranges 34 to 37 
est in the Seward Meridian. Northern Dynasty Mines Inc., the project owner, is 

eveloping the project, and has engaged Knight Piesold Ltd. to design the TSF, which 
includes the staged construction of confining dams. 

he procedures for applications to construct a dam are outlined in Chapter 5 of the 
Guidelines for Cooperation with the Alaska Dam Safety Program, dated June 2005, (the 
"Guidelines") published by the Dam Safety and Construction Unit, Water Resources 
Section, Division of Mining, Land and Water Resources of the Alaska Department of 
Natural Resources. This report constitutes the Initial Application Package for submission 
under the Alaska Dam Safety Program as the first step towards receipt by Northern 
Dynasty Mines Inc. of a Certificate of Approval to Construct a Dam. 

he proposed impoundment will incorporate two embankment structures in an Unnamed 
ributary (NK1 .190) situated near the headwaters of the North Fork Koktuli River as 

ollows: 
A main starter dam that will be progressively raised in a series of staged expansions to 

an ultimate height of 450 feet, 
A lower saddle dam will be constructed in stages to an ultimate height of 175 feet to 

provide for storage capacity during the latter years of operation. 
Knight Piesold Ltd. has carried out a Hazard Potential Classification of the dams, based 
n the classifications set out in the Guidelines. The resulting preliminary classification for 
ach of the dams is Class II (Significant). However, Northern Dynasty Mines Inc. is 

planning to incorporate more stringent design criteria for flood and earthquake events 
onsistent with a Class I (High) classification . 
. ustainabre. Fi~beries Managerner:it: ··.Pacmc·salrflon clearly articolate(fhe .curre.nt state 
fthe Pacific Satrn~n resourc~, describes the key features of its maRag~ment, and 

provrdes important ideas and suggestions on how,we can rnakethe transition to\l\(artfi 
ustainable fishe,ries. Th~ sotu,tlohs .prese.nteti in this book provide ttre bas.is of a 
'trategy for sustainable fisheries, requiring society and government agencies to estahHsti~ 
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None 

he project. coflecteel fnfotmatl<.lQ .about subsistence ttarvests of nonsalry:t<ln freshwater 
ish by residents offhe eiQht Ct7mmunities of tfie Kvichak River w~ter~hed of the Bristol 

Bay area~ soµthwest Alaska; for a 1.2-mc>nth period from October :2002 through 
ept~m,ber 2003. Loc~t research assistantS were hir~d and trained to collect harvest 
alen<:fars from participating household$ aru:I com:tuct .. a post-season tl'arve~tsurvey, 

Cata were coHefted of) arncnmtS harvested, Qear types used, timing of harvestS, anc:t. 
location of harvesfS'~ There was a high level .of involvement In the, subsi~tence use of 
onsalmon frshin the study com,mur:iities'. althpu~h harvests were towcomp~red to 

previous estima!~S from the 1970s,.196"0S',an~ 199"0s, primarily because the UOlJ'.SUaUy 
a,rm winter in ~002/2003 i~hit5it~d tr,~vel and the use of trac;Htional methoGt~·such as ice 

ishing. Also, T:EKinterviews were conducte~ with 26 individual~. covering such topics 08$ 
'// • / / • ,• • ' ~ ,, '-% 

None 
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nnual spring aeriaLsurveys :wer,e ihitr~U~d in.1992, and. repeated In 199'3, 1994~ .1997, 
1998, 2000~2005 and 2007 to monitor ttt~ population s,tatus of anp.habitat use by 

teller's eiders \Polysttcta stetl&ri) sbaging for spring· ft1,i(;lration in southwestern AlasK:a. 
fnoe the. timing of:ft1,lgration varies, tvvo to tlJree re1111cate shoreline sorveys were 
onducted each. survey year through 1901, to targettneoptimar timing.when.most.eiders 
ere within. the survey are'a prior todeparture to arotic breedi!1g grounds. Fiscal 
onstraintsantt inclem~nt we"ather in so,bseqeentyears r~ulted in successful.completion. 
f onty one surveype~year, the timing of Vifhfch w~~ carefully schedule'd using S,:Ba ice, 
eather and pbs~rv~tiori~l data. from l()cal contacts. We made vi;&uat esfirl1,ates of 
telle,r's eiders andall otheridentifiable water birds and marine marl1,rnals·a1a,ng 
horelin~s, estuaries a.nd shoals where Stefler'&'~iders and other sGaouckswere known 
o congregate during rniQration. In ~ach yeaf where mtlltiple surveys were completed,. 
he highest Stelfer's eider c0,tmt w~s used as thatyear's P?Pufation estimate for trend 
natysis.'Annua;J St~ller's eider'raw c~unts are 137,904 (W~2J; 66~636 (19 107 ,589 
1994);. 90;269 (1997;), 84,~S~ (1998]., 6~;956 58,Z31 (20()1 ), 54, J9 . .. .. . 2!, 
7,329:(20~3},.82,455 (2004), 79,022(20()5) an ... 4353 (2007). The long::terrnaverage 
rom.1992 to 2001is 84,7,00. Correoting recentzestimates using extrapolated datavff'om 
ampl~q st;loal haf)ttats, the totals are72,95l(2000), EJOJ356 (2001), 56,704 (2002), 
7,369(2003),. 82,772:(2004), 19,022 {2005), and 87,40'0 (2~07). we, suspect tha,t the 

l~w population estimates obtainedJrom 2000 thrqugfl, 2002 w~re due in .part to·~ portion 
f ttt~ eiders migr~tlng northward Ciuring th,e sur)te~, thus escaping detection by the 
urveycrew,. This hypothe~is w<rs supported by satellite telem,etry datawhiC,h indictatec:t 

migration within th.e .~tudy area during the surveyof2002,We therefore . .jnftiated the 
003 through20E.l7 surveys in early Aprif, en?ounterif}g m.Qst eiders befOre th'.ey rr\Qved 
om Alaska Peninsula lagoons to Kusk:0kwim Bay an.d other more northerly habitats. ·· 

~nexparrded lpn:g:ter:rrt: SQfYey data in~icate ;a 2.8 percentiav~rage ~npuat de~line in 
uvenile rainbow trout were exposed to 25-400 µg copper ~L-1 for 24h. Water hardness, 

pH, and alkalinity were varied independently at a constant [Na+]. Net and unidirectional 
odium fluxes were measured in hard and soft, low-alkalinity water and in hard, high­

alkalinity water at neutral pH and pH 5.0. In low alkalinity water, Na+ uptake (Jin) was 
inhibited at copper concentrations as low as 25 µg~L-1, and sodium efflux (Jaut) was 
timulated above 100 µg~L-1 . High-alkalinity water significantly reduced the effects of 
opper on Jin and Jaut but there was no significant effect of increasing water hardness. 
he effects of pH 5.0 and copper were additive from 25 to 100 µg ~L-1 , but a pure copper 
ffect was found from 200 to 400 µg ~ L-1

. Fish died when they had lost about 50-55% of 
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he purpose of this· guid~. is. to proviGJe assistance to visitors to the Southwest Alaska 
Networt<, (?'\o/AN) rmtional parks apd National ~ark $enllce s~ffi{l identifying; 
· nderstanding, and enjoying bivahtes found in intertic,:taf sediments. in the SWAN parks, 

e l:ta~ provide'ci bnefsec;tians on the ecology ofthese clams, including com,ments on 
tfeir habitats and feeding fYpe:s, and adescripttveQuideto the clams. fhe ttescriptive 
utde includes drawings andphotagr~pfis to de,pict.the·appear,an¢e ofthecl~ms both in 

he han~ 1and, wfiere possibl~, the appearance ofdisting~ishing. indi~ators of th.eir 
presence 1n. the field .• For each species, we hav~ rnclude'd a ~riefdescrfp,tion of the clam:, 
its. typical l:tabib;lt, and its 'distribtitron am~.mg the park~ ·and··· in the North ga~ific, · Bivalves 
r~ ·a critical ~ource Qf nu1,riti~nfor maj(jr pr,edators·stich es bears, sea ott,ers, sE;}a 

(~iving}ctucKs, sho~birdS'·arrd other·inverte~ritesat sometime durir,19 the year. F.or 
··· xample, bears along the ~TM coast ac,hie~e hrg~errates of en~rgy from, razor <:in~. 
ottshell.clams.~hanthosef()ragirig on vegetatio~.CSmith 2004). tn10dditi6n to supi;>orting· 
t}ebears, sea otters, diVin~ .. ducks, and sho~ebirds for miHions .. ofyears, c[ams.have 
e,e~ a major source of food for nati~e Al~sKans sl~ce their arrival in Afaska 157000 !o 
o,aGo years ago. fhey have b~en rmpottant In the suc,cess of native cultures tn coastal 
nvirqnments. Ctams exhibit longeMty and r~ck of rnobfl:ity, and thus are good indicators. 
ll?ng-term c~nditions (Bennett<200tY)'. n car1 be assumed that beache~ supporting 
easonabte numbe~ oflonglived clams:are stable at'ld'"h:ffalth('. ThiS<gOid~ includes 

0 escr,iptions of twenfy-ninespecies in tl:tirteen famHies that were found in surveys"Of 
e~ches .in three $WAN n~!ionat parks durtrig. the summers of2004 and 2005 (Lees and' 

Driskell 2004:: 2006a, and 2006b:).The µ"arks $urveyed were Katmai NationaLPark and 
Preserve (KAtM), ·Ke~ai Fjord Nation~! Park {KP:F.J), and Lake <Slark National Park and 
Pres~rve {LAC'"-:)'. Species composition ~f the cia,ms varied c9nsidera1lly by park. 

pproxim,ately the same tmmberof ~famSf]ecie,s was observed in KA.TM ao~ 1-\EFd, tJtit 
LACI., support~ far ~war species: Qniy Balfic macomas and so .. ftsheUclams were fo1md 

he most comprehensive "insiders" guide on Alaska fishing, revised, updated, and 
xpanded in this new deluxe, full color 3rd edition. Written by the state's top fishing 
xperts, this latest version now covers all 17 major Alaska sport species (fresh and salt 
aters), all methods (fly, spin, and bait), and all six regions of the state, with details on 
ver 300 of the most productive Alaska fishing locations. Includes information on 

regional climate/conditions, run timing, visitor service costs, trophy and record fishes, 
USGS map references, guides' tips, fishing regulations, etc. Bonus back section with 

laska trip planner, flies for Alaska, knots, fish filleting, and a comprehensive cross­
referenced index. Has over 500 color photos, maps, charts, diagrams, and drawings. 

. . . . . 
Recent progress in the study of aquatic food-cycle relationships invites a re- appraisal of 
ertain ecological tenets. Quantitative productivity data provide a basis for enunciating 
ertain trophic principles, which, when applied to a series of successional stages, shed 

new light on the dynamics of ecological succession. 

404(c) Bibliography - 01/28/2011 Page 92 of 

EPA-7609-0000586-0092 



hirty-eigftt aeri~I ~urveys of b5,lug~ or white ~hales (DefJ)fiJnapterus 1f!ucas) w~r,e 
onducte<i in Brl~tol Bay, AlasJ<a, dliring six different ye~rs be~een 1993 anµ .:mos. 

Belugas were sighte~ mainly close to shoreJn the uppefparis of Nu~t1agakand K:uicha:k 
~ys as well as along the QGaStbetweenth~se ba~s and Jn, t~e,Iower Rarts of major 
iver,s: Data from 28 complete counts ma.de in good or e~ellent s~rver conditions were 
nalysedfor tr~nd. Co~nts. ranged from 264 to 1 J)67, !he estimated ratE! ?f increase.· · 
ver tfl.e 12-yaar P,erradwas 4.8%tyear(95% ~I ::;: 2. t 0/o-''t'.5%), Such a rat~ ofincrease 
~ggests that eith,er the population was. bel.ow the,environf!1ental carrying capacity in ine 
arty 1990s. or, a:ftematively~ that factors that had been limiting .pppulatipn increase were • 
Hevl~te:d after that time: ~ review of possible c~anges in human-c~used m()rtaltty, 

predation and prey avanatiflity dia not reveal a single liketx m'luse, olthe increase. ~morrg 
he .fact()~ that coutd have ptay~q it role, are re.covery from researcb kills. in. the 1960~, ·a 
mod.esrdecline ..in subsistence removals and a delayed response to increases In Pacific 

,,, ,, fo: , ' ' , ' • 

e analysed the benthic macroinvertebrate species composition, taxonomic richness (as 
xpected richness for 100 individuals), total abundance and biomass at 117 stream sites 

in the province of Dalarna. Partial least squares regression models were constructed 
rom observations on undisturbed sites and used to predict these community parameters 

at sites exposed to elevated levels of copper, zinc, lead and cadmium resulting from 
leakage from old mine deposits. Species richness at undisturbed sites was positively 
related to the size of the catchment, pH, channel width, calcium concentration and the 
proportion of deciduous trees in the riparian zone. In streams with elevated metal 
oncentrations, we found reductions in taxonomic richness for total macroinvertebrates, 

mayflies, stoneflies and combined EPT (Ephemeroptera, Plecoptera and Trichoptera), 
but not for that of Tri-choptera nor total abundance or biomass. Copper and zinc were 
hose metals showing strongest negative associations with richness. Some taxa, 

. . . 
half.:ocentury:after mine ~losure~ met~f ponta~ination. from sulfi~e ore rr1inin,g in the 

eadwaters continues toJmpair r!pa~ian vegelfifion.and aquatic macroimrertebnates aforig 
oda ·autte Creek,. YeUo,wst~ne National Park.· A tailings dam fattureJn 1950 .emptaced 

metat~rich.sediment at fiigh: flood"'ptain levels, .aoov~ 50 yr to 100 yr .. ~ood stages in 1$l96 
nd 1997, Thesela~ge, nat~ral floods remo~~ ont~ a sf'.l1allpartoftttepontaf'.l1inated ·· 
edtment through b~nk erosion; tney also faHed t? lower in-channel Cu concet}trations, 
ecause increasec:t eros,ion o:f mine waste during high flows.balances incre€).se€f Jnputs c>f 
ncontam.inJ;tteCi sediments, generating no net change in concentrations. Geomorphic, 

".,, ,,, ,, ,,,,_ . ,, , ,,, . . 
In compliance with the reporting requirements associated with Fish Resource Permit No. 
SF-2004-114 and amendment No. SF2004-114-A-1. This report summarizes the fish 
ampling efforts conducted within the Pebble Gold Copper project area and along the 

proposed road corridor by biologists from HOR Alaska, Inc. and Northern Ecological 
Services. Sampling was conducted between April and October 2004. The main purpose 

f the study was to document the distribution, relative abundance, and variety of fish 

he habifi.3t use,.hiformation and Habitat ~~liability Index (I-ISi) models presented in this 
oc(Jment are intended for use in. Impact assessment and habitat management activities, 

bitenature conceming a species, habitat requirements a,nd preferences rs revie"':'ed and 
ensynthesized into subjective H~I models, vvh.ich ~re scaled to prodµce an index. 

etwe,en o (unsllita~le nat}itat) and 1 toptirnal habitat). A.s~umptions used.to tn:1nsform 
abitatuse information into.these mathematical models are n(l'ted apd guidelineS: for 

model application. are described. Any models.fdund in the literature which may also be ,,. ,,,,, ,, " ,,,, , ;, 

Methodology (IFIM) will be included in this series in the near future. The IFIM section will 
include a discussion of Suitability Index (SI) curves, as are used in IFIM and a discussion 
f SI curves available for the IFIM analysis of coho salmon habitat. 
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Data contaiMd in this reporl:feptasent the 0Ms:ion'$%most re~enteffortS" tO upgrade and 
p:date .fishery statistics useful in describing SOfjtttwestern Alaska's spo,rt fisberies. Oat~ 
ontained in this ~ocument w:ere extracted from Statewide Harvest Summaries, survey 
n:d Inventory Reports, 1and the Fisherypatct and Manuscript Serie~.· We corrsiderthis 
eport tocb~ t~e most comprebensrv;~ information ~'?urce conc~minQ, effort.and harvest 
tatistics for the major Southwestern Ataska sp:~rt fisherie~. ~rsherjes data in this .re~ort 
upersede.infarmation .ii1 previpus reports anct are intend.ad for interdef:):artmental. use 
nly. 

his report addresses more than a dozen environmental issues arising from the 
hydrological and geochemical conditions at the proposed Pebble Mine, which would 
evelop a metallic sulfide deposit in the Bristol Bay drainages of Southwest Alaska. 
hese drainages produce a major portion of the world's sockeye salmon supply, 

important subsistence use, and recreation. The hydrological and geochemical issues fall 
into two groups. The first is "substantive" issues - e.g. (a) acid mine drainage from 
unprocessed waste and host rock, mine or pit walls, tailings, tailings storage facilities, 
and dust; (b) pollution from chemicals used in processing ore, (c) pollution from fuels, 

ils, greases and antifreeze; (d) pollution from residues of explosives; (e) chemical and 
bacteriological pollution from sewerage treatment facilities; (f) pollution from herbicides, 
pesticides and road deicing compounds; etc. The second group is "procedural" issues. 

hey result from (a) inadequate data (or decisions not to release all data) particularly on 
matters related to hydrology and chemical compositions of rock, potential ore, waste 
rock, tailings, etc; (b) inadequate sampling techniques, and inadequate protocols for 
preserving field samples or gathering field or lab data; etc. The procedural issues weave 

. . . . . . . 

In response to tne guideUnes .estatillshed in the Sustainable Salmon Fistre,ries Poticy 
(ADF&G2000), the Alaska Department 0fFfshand Game (depa~ment) firsf'classified 
he Kvic,hak. River sockeye salmon O(Tcoth~ncfrrJs nerka stock as ~ "Stock of Y:ield 
oncern" in, 2001 (Bristol ~ay .smff 2QOO)~ A .Yield concern is defin~d. as "a concern 
tisinQ, from .a chronic inability, despite ~se of specifi~ mana~ement rne~sur~s. to 

mainta.in expected yields." Classification ofKvichak River sockeye salmon was 
!;Ibsequenttychan~ed toa "Stock of Management Concern" i~ 2003. This clas~ification 
hange was l:iased on:the d~finifion of "managernent concern" found in .the p~licy. ·/;: 
'manag~mEmt concern" is defined as, "a concern ari!i?:1ngfrom·~ chtoni9 inability, despite 
s~ofspectfic··matragement measures, to rriainmin escapements far satmo,nst()Cks 
· itflio the bounds of sus,tainabte Sscap~ment Goal{S6G~,. Biological 5scapementG'1~1 
BEG), Optimal Escapem,ent Goal (QE~J •.. or Gther ~pecifi~d management ot>jectivesfor 
hefi~flery." The increase"d protection ~rov~ded by~omm~rcial, .. s.port, ·and subsistence 
i!heries .restrictions and closures that have occurred in re~ent years has been. helping 
he Kvictta~ mver snc~e}'e salmon stock .reccJver; minimllm e.scapement goat.s were met 
utfng. the last 5 years (Z005-2099); there was a.~l:l.rPl!.1~ harvest of Kvicbak River 
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Pacific salmon (Oncorhynchus spp.) accumulate substantial nutrients in their bodies as 
hey grow to adulthood at sea. These nutrients are carried to predominantly oligotrophic 
lakes and streams, where they are released during and after spawning. Research over 
more than 3 decades has shown that the annual deposition of salmon-borne marine­
erived nutrients (MD-nutrients) is important for the productivity of freshwater 
ommunities throughout the Pacific coastal region. However, the pathways and 

mechanisms for MD-nutrient transfer and accumulation in freshwater and riparian 
cosystems remain virtually unexplored, consequently, there are many uncertainties in 
his area. This article addresses three related topics. First, we summarize recent 

advances in our understanding of the linkages among MD-nutrients, freshwater 
(including riparian) ecosystems, and community dynamics by addressing the importance 

f MD-nutrients to lakes and streams and by then reviewing large scale and long-term 
processes in the atmosphere and ocean that govern variability in salmon populations. 
Second, we evaluate the validity of the discoveries and their implications for active 
cosystem management, noting areas where extrapolation from these results still 

requires great caution. Finally, we outline five key research issues where additional 
iscoveries could greatly augment our understanding of the processes shaping the . . . 

he American Fisheries Society herein provides a list of depleted Pacific salmon, 
teelhead, and sea-run cutthroat stocks from California, Oregon, Idaho, and Washington, 
o accompany the list of rare inland fishes reported by Williams et al. (1989). The list 
includes 214 native naturally spawning stocks: 101 at high risk of extinction, 58 at 
moderate risk of extinction, 54 of special concern, and one classified as threatened 
under the Endangered Species Act of 1973 and as endangered by the state of California. 

he decline in native salmon, steelhead, and sea-run cutthroat populations has resulted 
rom habitat loss and damage, and inadequate passage and flows caused by 
hydropower, agriculture, logging, and other developments; overfishing, primarily of 

eaker stocks in mixed-stock fisheries; and negative interactions with other fishes, 
including nonnative hatchery salmon and steelhead. While some attempts at remedying 

Mi~eral extraction, whet~~r it be, by surface or underground mining in. their (iiverse forms, 
ffects salrn?nids and their: habitats inmany>Y"aY~· lncre~sing f)ublic awareness of the 
afuepf aquatic res~urces has led to legislation: designed to protect, restorec'?renhanbe 
reas .that hav~ been orwm b,e minecl .. This positive trend has also led to a growing ·bodJ 
f knowled~e abouttne specific ~ffeets of mining·relate'd P:ollutants on sat1U9n and trout 
nd the mechanisms by Vifhi?h habitat degraclati<,>o may be reversect Some ofthe 
dverse effecis of mining on salmontd hal::>itats are oti~ious. Placer mining converts 
atural streams. to channels between ttarren. rubfife pifes;. hydraulfc rnining erodes 
!Usfdes.and deppsits .. the eroded material into nearoy·streaf!'S; R~d·buflding aM• 
ern<:Nal of surta~e vegetatip~ may als~ C()f11ribute to direct str~ambed clisturoances and 
ediment i.nfluxes, Gther influer:ices, however, may b'e less o,bviousand mu,chmore 

insidious~ One ofthe principal and most persi~tenttesul!S of min,i~g is acid mine 
rainage'.. Both. prptianectand currently operated mines f!1SY ec:>ntribute acidic dr:ainage ·19 
eartiywaters. Acid production can occqr iF! coal deposi~ bY the.generation of s . ic 
cid or th,rough I\~ action, of oxidizin.g bacteria on pyri~e., ·a common comp<,>nent of 
raniticmaterial .in which rnanyweste:m ore cteposits occYr. The ~orrseq~ences of acid 
rainag~ are many and they are express~d in a varie!>' of ways: If p.H levels are 
u,ttfciently tow,. fishpopulatiop:s may be reduce~ direqtly through fish kUls o~ les~ directly 
hrough redu<:1tior1.in. t~e viability of individuals, their~ametes, or their progeny. Aquatic 

in, vertebrates, an importantsoura~ of food tor many salm~nids, may also be affe,cted by 
cid drainage; they may be·directly poisoned or their h!ilbitats may be degraded ·bY 

··6,P~sition 0cfferrichyGJroxide. fn'i:tcldftion,•thetoXj~ity of manr f!1El1allicpoi5Rns is 
increased·~~ low pH levels. Tailings piles and ~et~fing ponds also rnaycontribute 
pollutants, Cya~ide, a highly toxic c,hemical that is often us.ed to re~over g~ld, has 
ometimes entered streams through failure of settling ponds. Acid drainage through 
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he Richmond Mine of the Iron Mountain copper deposit contains some of the most acid 
mine waters ever reported. Values of pH have been measured as low as -3.6, combined 
metal concentrations as high as 200 g/liter, and sulfate concentrations as high as 760 
/liter. Copious quantities of soluble metal sulfate salts such as melanterite, chalcanthite, 
oquimbite, rhomboclase, voltaite, copiapite, and halotrichite have been identified, and 
ome of these are forming from negative-pH mine waters. Geochemical calculations 
how that, under a mine-plugging remediation scenario, these salts would dissolve and 
he resultant 600,000-m3 mine pool would have a pH of 1 or less and contain several 
rams of dissolved metals per liter, much like the current portal effluent water. In the 

absence of plugging or other at-source control, current weathering rates indicate that the 
portal effluent will continue for approximately 3,000 years. Other remedial actions have 
reatly reduced metal loads into downstream drainages and the Sacramento River, . . . . . . . 
{1is.Oraft:.Environmental Base,line Prpgref(s ~epor:tpfovides a description of the \fl/Qrk 
o!lducted forthe ~orthe~n Dynasty M.ines Inc. (NOM} 2004 baseline ~nvironmental 

program. This. PebtJle Project.progress report !';)resents the Chat~cterization of the 
~sting ~onditions .related to environmental and socrat ponctitions ofthe ... f?roject area arrci 
heir incor~or:ation ·rnto .tfl:e proj~ct desig.n at:rd operation. This dratt .. 11eport is presented for 
gency ~ ... nd stakeholqer. review amtcomment, to ensure ttle approach followed and 

,,,, ,,, ,, ,,,, ,, ,,,, +, ,,,,, , ,,,,, ,, 

his section presents the findings of the 2004 surface-water hydrology study at the 
Pebble Project mine site. It summarizes data collected in 2004 as part of the baseline 
tudy program and evaluates future needs based on data gaps that are noted. 

Hydrologic data were also collected by Cominco, Ltd., for the Pebble Project for various 
periods between 1991 and 1993. These data are expected to be integrated into a future 

~is ohapter presents"the findirrgs ofthe. hydro logy studY'. carried O,{Jt in ~004for'tl'le 
Pebble Projec,t. The .study.included Install .. . . '· ckpround. monitoring wells, collection 
fgro~ndwater sarppl.es, and collection ofaddltio,nal if\form~tion leading to 
haracterizatiOFl pf the gfOUQdWate( regime in the study: area. Jhe work was carried ·out. 
his section discusses the groundwater sampling results from the 2004 field season. The 
ata are analyzed to determine spatial (lateral and vertical) variations and variations with 
ime. The data are also compared with surface water-quality criteria to provide a 

benchmark for water quality. Based on the results of this analysis, requirements for 
urther data are noted. Groundwater samples were collected in September and October 
004. The study results will be included in the environmental baseline document and are 
xpected to be used for both the design and the permit applications for construction, 
peration, and closure of the proposed mine. The objective of the following discussion is 

o report the progress of groundwater sampling and analysis and the current 
understanding of groundwater chemistry. 

hi.s report presents. the .PfeUminary findifigs otthe 2'004 .study of metaf leaching/acid 
ock drainage {MLIARD) . .Ttie results presente~ it1 tt'Tis report are for: ··· 

• Static atlcf.:.'generatipn, testing Qf rock core obtalnid prior to 2t:f04 {inc(uding previous 
rilling. by Ceminco Alaska),, 

• Elements~ans forc:ore ~ouected in 2004.frorntoe Tertiaryco\/errocks and periphery of 
he tlepo:s,it near the. eventual p/t walls of.the rni~~'. and ··· 
~ Stafic:ac,;ld-gem~ration·testtpg 9f me~llurgicatwaste products.anttwater-cliemistry 
nalysis from process ttow,she~~ development. 
he re~ort does not includ~ result~ from leach te~ts and kinetic geoctierQical testis which 
re currently underway. As such, the q~ta obfaiAed, provide an early indication of the . , •'"' " '. , ,,, ' ' . 
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he purposes of these terrestrial wildlife and habitats studies were fourfold: to document 
he baseline (predevelopment) conditions; to assist in project design; to provide the basis 
or assessing effects of project development and mitigation; and to support permit 
applications. This progress report describes baseline studies of terrestrial wildlife and 
habitats in the mine study area and the associated road/port study area for the Pebble 
Project. Because the distinctive nature of species components (mammals, raptors, etc.), 

ifferent study areas were used, tailored to each group. These study areas are shown 
n the respective figures for each species group. In the following discussion, each 
pecies component (mammals, raptors, etc.) at each location (mine site or road/port 

area) is addressed in a separate section (e.g., 9.1 is mammals at the mine site, while 9.6 . . . . . . . 
lJnderst~nding the location and types ofwetlands and other Waters ~Uhe United States, 
sdefinef:f uncier sa,~tlon 404 oftfie Clean wa~r Act (404), Jsan importantcOIT)ponent 
f .. planntng any deyeiqpment in Alaska. The regulations in. 404 .require ~n extensive 
nalysis of€ilevelo,pment options, in order t~determine the ran§e of 1Jra~ticable 
ttern,atives for each project compa~ent As suctJ; proponents of Jargedevalopments 

must provfde mapping of areas in and .around their preferred ~eyelopment footprint, as 
his section presents the findings of the 2004 fish resources study for the proposed mine 

area. The information presented is based on data collected during the 2004 field season. 
!though some data analysis has been conducted, it is important to note that additional 
ata will be collected in 2005. The results presented here should be considered 

preliminary and are subject to change after additional data have been collected. 
Objectives of the study were to 1) characterize the distribution and relative abundance of 
ish resources within and adjacent to the deposit in sufficient detail to provide information 
or impact assessment and mitigation planning, and 2) acquire predevelopment baseline 
ata for comparison with post-development monitoring. 

his.~ection prese,~ts the prelt(fltnafy findif!QS of the 2004 marinewild:Ufestudy: This 
tudy e)(amined.·the. di~trib~tion and abt.mdartce of marine wildlife (marin,e-oriented btrds 
mi marine-oriented rn,ammals) during.twqsarnplingperiodsin t004:sumnier.andlate ..•. 

aff/winter, fhe su~ys focused ontflreatenedfengangered species (e.g., Steller's Eiders 
F'dly~ticta stelle11]}, 8,Peci~s bein~ considered for listing un.der the End~ng~red Species 
~t (e,Q;, t<;ittlitz's Murrelet [Brachyramphus .brevlrastrisl), depleted br rare species of 

marine mamIT)als (e.g., befuga wttales[Delphinapterus leucas], Steller sea Hons . . " " .. 
Enclosed is an Application for Water Right submitted jointly by Northern Dynasty Mines 
Inc. and Northern Dynasty Holdings Inc. The mining claims that constitute the Pebble 
Project are held either by Northern Dynasty Holdings Inc. or its sister corporation, 
Northern Dynasty Mines Inc. These two Alaska corporations are submitting this 
application to secure rights to the supply of water needed for the beneficial mining uses 
in this application for the Pebble Project northwest of the community of lliamna. 
Northern Dynasty Mines Inc. is and will continue to be the entity that will carry out 
xploration, development and administrative work relating to the Pebble Project, 

including ingress and egress as necessary to withdraw, impound, divert and transport 
ater of the State of Alaska. Therefore, NOMI and NDHI are referred to, collectively, for 

he puroses of this application, as "Northern Dynasty Mines Inc." Each of the two entities 
accepts any and all responsibility and liability arising out of applying for, acquiring and 
holding the water right associated with this application. Submitted with the application 
are location maps that further identify the site where water will be taken and beneficially 
used, as well as the information and documentation required pursuant to 11 AAC 93.040. 

lso enclosed is a Coastal Project Questionnaire (CPQ). NOMI previously has 
ubmitted a CPO for its 2006 exploration drilling program. We understand that the fee 

required under Alaska law for this application is to be set by negotiation. With this 
application, NOMI submits a check in the amount of $900 as a deposit to be applied to . . . . . . 
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Enclosed is an Applicati<>fl for Watef Right i;ubmitted jof ntly by Northern Oyna&;ty ~ines 
l!lc: and Northern Dynasty l':IOldfrigs Inc: The mining claim~ thatconstituteJhe Petibte 
Proj~cf are h:eld either.by Northern Dyna!i)ty Hqlcifrtgs Inc. or its sister corpor~tipn, 
Northe,m Pynasf:Y Mines Inc. These. two Alaska corp~rations are submitting tf;is .... 
pptication .!:> secure rights to tf)e supply of water ne~de'd forJhe beneficial mining uses 

in this appHeation for.the Pebble Project nor,thwesfof the community of lliamna .. 
Nortn,em Dynasty Mines Inc .. iS, .and 1Af111 continue .to be the enttty th;}t ~Ulcarry out 
tploration, development .and administrative ~ork r~latin,g to the. Pebble Project, 

including. ingres,s and egress as necessary to withdraw:~ impound, qiv~rt and transport 
ater.of th~ State of Alaska. therefore, NPMI and NDHI are referred to, collectiya,1¥: for 

he puroses.ofthis ~pplfoation, ~s ''.Northempyn~styMines Inc." Each of the two entities 
~cepts any f3!Yd i;:tll respcmsiblHty and ltflbility arising~out of .~Pf?Lying for, acq~iring and 
otdi~g the water rtght associated with this application. Sui:jmitted with the applicatio~ 
re location maps that further Identify the site where warerwiHbe taken and be~eflciaHy 

'sed, as wellasthe information.a.nddocurnentation required pui;su~nt to 11AA:C9:.urzio. 
tso anctosed is a :C<;astal ProjectOuestionnair~ fQPQ), N[)MI. pre:yi.ously,.has 
t1bmitted aC,PO for ifs 2006 exploration drilling program •. We understand thatttle fe~ 
eg~ired under ~taska raw .for th.is appli.cation &s to be ~et by negotiation. vwhJhis 
ppffcatron, N.OMl:submits a.check in the amouot of $900 .. as a deposit to be. appfied to 

l • •, • '• 

Enclosed is an Application for Water Right submitted jointly by Northern Dynasty Mines 
Inc. and Northern Dynasty Holdings Inc. The mining claims that constitute the Pebble 
Project are held either by Northern Dynasty Holdings Inc. or its sister corporation, 
Northern Dynasty Mines Inc. These two Alaska corporations are submitting this 
application to secure rights to the supply of water needed for the beneficial mining uses 
in this application for the Pebble Project northwest of the community of lliamna. 
Northern Dynasty Mines Inc. is and will continue to be the entity that will carry out 
xploration, development and administrative work relating to the Pebble Project, 

including ingress and egress as necessary to withdraw, impound, divert and transport 
ater of the State of Alaska. Therefore, NOMI and NDHI are referred to, collectively, for 

he puroses of this application, as "Northern Dynasty Mines Inc." Each of the two entities 
accepts any and all responsibility and liability arising out of applying for, acquiring and 
holding the water right associated with this application. Submitted with the application 
are location maps that further identify the site where water will be taken and beneficially 
used, as well as the information and documentation required pursuant to 11 AAC 93.040. 

lso enclosed is a Coastal Project Questionnaire (CPQ). NOMI previously has 
ubmitted a CPO for its 2006 exploration drilling program. We understand that the fee 

required under Alaska law for this application is to be set by negotiation. With this 
application, NOMI submits a check in the amount of $900 as a deposit to be applied to . . . . . . 

None 
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None 

None 

study was rf?8de of sockeye salmon Jake spawn1ng>gro:urrds in 1Ha(1lna lake~ Alas~~· 
~hysical>and biological character,isttps of a take stlore .and an .ista,ntlspawning area were 
mea!mrecL ~aottomcomppsition oMhe lake shore arerawas 85 pe.rcent 01~terialtt 1 to 
1.7 (1lilHmete.rs i~ lilia(lleter. Bottom compo~.~ion eHh.e island.area was.96 percent 
matenal greater tha .. 6.1. millirneters in diameter .•. lntergrayel water temperature~ in. th.e 
!ak:e shpre ~rea w~re 1,,.C to 4"C lowerttian lake water temperature .. l.ittte temperature 

ifferences weref0:und rn the island area, .. It wa,s concluded. tl'Yat eggs devel~pin,g in tlie 
take shore area depend on upwelling ground water for w~ter circul$tion in. redds, whUe in 
tie.island area eggs depend on lake w,a:ter currentsforlhter-redd waJ~r ci(cula~ion: RateZ 
f sockeye embryo and atevin de~eloprne°'t was determined by incub~ting eggs Jn tlie 
atchery, De'1elopment was described byJength measurements and anatomical 

" , ,, , . 
None 

None 

Stream temperature is an aspect of water quality that affects every aquatic organism. 
et taking that temperature is not as easy as it may seem. Placing a thermometer in a 
tream and recording the reading are simple enough. The problem is that the result does 

not represent the entire stream, whose temperatures vary markedly over both time and 
location. Instead of a single measurement, what is needed is a set of measures that 
escribes a stream's "temperature regime." Even then, the process is complicated. Many 
actors affect the temperature regime, including climate, riparian or stream bank 
vegetation, and channel form and structure. The factors with the strongest influence vary 
rom time to time and place to place. What's more, patterns of variation in stream 
emperature differ depending on the timescale of observation and the size of the area 
ithin which temperature is measured. For instance, variation in stream temperature 
ver a single day is apt to differ from variation over an entire year. Similarly, the patterns 
f temperature observed within a single pool or riffle in a stream are apt to differ 
ompletely from the patterns observed along the entire stream course. Stream 
emperature regimes are difficult to quantify, but available evidence suggests that stream 
emperature regimes in the Pacific Northwest are now typically different from those that 
xisted before Euro- Americans settled the region. Evidence further shows that a variety 
f human activities often are responsible for changes in temperature regimes over time 

and that the effects of human activities often are cumulative: individual land use activities 
hat alone would not substantially alter stream temperature can do so when combined 
ith other activities or with natural disturbances. Alteration of these re imes in turn ma 
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•.. a. develop ~nd ill!;.fstrate the concept of 'h11droklgic spiO'llnng'using a t\lgl:J:.resatution 
2x2m grid cell) sim,ulation of hyporh~ic hydrology ~cro,ss a 1. 7 knl2 section ofth~ Sa,'nd., 
ra\/el and cobble floodplain a,quffer of the trpp~r UmatHla Rclver of northeastern Oregon, 

USA .. We parameterized the model using a continu~l!S map of ~urface waters.t~ge 
erivedfrom LIOAR remote sensing data, Model results. reveal the p,tesence of com,pfex 
patiat patte,rns .of hypor~eio exchange across spatial scales. We use simulation result~ 
o descril:)e streams as a cqllection ef hierarchically organized i individual flow. paths tti~t ·. 
pirat aprn,ss .. ecotone5,,witflin streams.and ·knit togeth~r stream, ec;:Q~ystems; .Such a .view 
[lderscore! tfle importan~e of: (1) .gross hyporh~ic excharrge rat~s·in .. rivers, (2).. tile 
mering ecological rotes of~hort anti tong hyporh~ic flow paths, and(~) the <:Jownstrearn 
mqvernent~f wate,rand solutes outside ofthe stream channel (~.g. :In th6,' aHuvi~I 
quifer). Hytlrologic spJ~ts uottE)rs~Qre rmportant limitations c:>f empirical measures .of 
roticsotute uptake fl'pm .streams and provide a needed hYdl'ologic framew<,>rk for . ,. '•'• ,,. 

Fishes inhabiting streams and rivers in the interior of North America experience a 
ontinental climate. Water temperatures reach 0°C in winter and are high in summer. 
here is a marked seasonal cycle in discharge. These circumstances make groundwater 

a crucial component of river habitats. Groundwater can influence the distribution, 
reproductive success, biomass and productivity, behaviour and movements of fishes, 
and is especially important in winter and summer. Winter flows are minimal and are 
affected by ice. In winter, the importance of groundwater increases northwards. 
Groundwater provides overwintering habitat free of subsurface ice and fish may migrate 
long distances to take advantage of it. The melt season can account for up to half the 
annual discharge. In summer, groundwater is important for maintaining discharge and 
moderating stream temperatures. During critically hot weather, groundwater refugia 
protect species exposed to temperatures approaching their thermal limits. Since 
roundwater exerts such an important influence on river habitats, its quality, quantity and 
ustainability should be considered before development proposals are approved which 
ould alter it. Examples of the role of groundwater in the ecology of some species show 

how localised and critical habitats influenced by groundwater can be, and, in 
onsequence, how necessary it is to protect them. Protection is complicated because 
roundwater distribution pathways are often unknown and recharge areas may be 

remote from discharges. Scale becomes important in identifying potential risks to critical 
. . . . . 

few sybjec~s have gene.ratl!fd ~s/ much emetiorlal dia!oguearouAg con~ictinQ·scie~tlfi(} 
nd po lie~ agendas :as th~ protecti.on arid manag:ement of Pacific.salmon re.sources. In 
his.majornel(Vw~rk,est6,emetll fisheries 8,XPeflThomas eui~n dfstilsfl'Om.tfl,e vast 
ciemtifi& U!erat~re the es$entia,1. info,rmaflon on the behaviour and e~ology of paclfl~ 
almon;incJuding 5teelh~ad.and.eutthroat trout Unlike other .books that e?<arrline only 
~teated life stages; habitats;. or speci~s •. this book -rich,ly Illustrated with beautiful 
hetographs and original drawit:igs - thoroughly covers the complete Hfe cycle, 
mphasfzing oomm°'n them,es and differences among ttie various species of~almon. 

Representing the range of ~Pe?i~s andge~graphic region,s •. Ouinn, i~cfucies examples . · .... 
om classic i;tudies b)l pioneer: of salmon biology and from the most current research to. 

illu~trate tne l~p?rta~t feature&ofsalmon life hisforyand befiaviouranq the c,omplex 
pl'.\ysical, .. bic:>logical, an,a t}uman factors thata,ffect them, "The Beh~Mor.and Ecology of 
Pacific Salm,on and Trout'' introd~ces salmon ana troutas a group, with a brief 
escripti~n of Erach specie~. and corppares them to ot~er fishes. This book ttten fof.tews 
atmon on th.eir a~azing homeV!(ard migratien from the o,:pen ocean, th;ou~h the complex 
oast~t waters: a,nQ ups:treamJo th~ precise loca~ion where th~y were spawned S'ear~ 
~rlier. It explains the patterns of mate phoice, the .competitionfor ne~tsites, and t~e fate 
f the salmon atterthelr deat11. ·It.describes theliyes of o,ffspriirg. d~ring the .months they 
pend iopubating in grayel, g.rowing in. fresh water, af'}d migrating out to.sea to 111ature. 

"' '''" . 
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Predation on Pacific salmon by bears (genus Ursus L., 1758) can be an important 
cosystem process because the spatial distribution of carcasses largely determines 
hether marine-derived nutrients cycle through aquatic or terrestrial pathways. Direct 
bservations on three streams in southeastern Alaska indicated that 49% of the pink 

(Oncorhynchus gorbuscha (Walbaum, 1792)) and chum (Oncorhynchus keta (Walbaum 
in Artedi, 1792)) salmon killed by bears were carried into the forest. The tendency of 
bears to tranport carcasses was independent of the sex and species of salmon, but 
unspanwed fish were more often transported than fish that had completed spawning. 
Data on tagged sockeye salmon (Oncorhynchus nerka (Walbaum in Artedi, 1792)) in one 
outhwestern Alaska stream indicated that 42.6% of the killed salmon were transported, 

and that higher percentages were transported in years when salmon densities were 
reater. At six other streams, on average, 68.1 % of the sockeye salmon killed were 

apparently transported away from the stream into the forest. Combining the data from all . . . . . 
he Suitability lhdex(SI} ouf\r.~s and graphs and Habitat $.uitabflitylndex (HSI) mode,J~ 

presentet:J in.this report ar~liased primarHyo~ a synthesis.of.informationobtaine9 from a 
eviewoftheliteraturEfc?nceming the.habitat requirements of.the species. The HS,I 

models and Slcurves are scaled to produc~ an im:lexbetween o (unsµitable habitat).and 
1 (oplir;nal hafiitat}. 
·· ssumptions used to transform h~~itatuse. information i{Jto an iri~ex are noted, and 
uidel ines for appl ication of the curves .and models are described. A discussion of lFIM . , ' ,,, ,,,, ,. ,,,, 

Salmonids spawn in highly diverse habitats, exhibit strong genetic population structuring, 
and can quickly colonize newly created habitats with few founders. Spawning traits often 

iffer among populations, but it is largely unknown if these differences are adaptive or 
ue to genetic drift. To test if sockeye salmon (Oncorhynchus nerka) populations are 

adapted to glacial, beach, and tributary spawning habitats, we examined variation in 
heritable phenotypic traits associated with spawning in 13 populations of wild sockeye 
almon in Lake Clark, Alaska. These populations were commonly founded between 100 

and 400 hundred sockeye salmon generations ago and exhibit low genetic divergence at 
11 microsatellite loci (FsT\0.024) that is uncorrelated with spawning habitat type. We 
ound that mean PsT (phenotypic divergence among populations) exceeded neutral FsT 
or most phenotypic traits measured, indicating that phenotypic differences among 
populations could not be explained by genetic drift alone. Phenotypic divergence among 
populations was associated with spawning habitat differences, but not with neutral 
enetic divergence. For example, female body color was lighter and egg color was 
arker in glacial than non-glacial habitats. This may be due to reduced sexual selection 
or red spawning color in glacial habitats and an apparent trade-off in carotenoid . . . . 

detaueq search and re:evaluatioh of the l<nown .histor.ical caseshf 1aifin€}s darn failure 
• as carried out. A (?orpus of 147 ~s~s.ofwotl(:twide tailings dam disasters, tro,m which 
· 61.ooatett in Europ~, was c~mpiledin. a database. :J::his contains six seotiof1s, Including 
ar:n location, its physical ant:f o?nsfructivecharacteristics, actt:1~I arid putatfvefa,:ilµre 
ause. slud.ge hydrodynamics~ ~ocio·economicaJ consequen,oes and envirc;mm~ntal 

impacts. Europe ranks in s,econcl pfcme in report,ed acoide{lis(t:S%), m()rethan one)hird 
f them in dams 10-20 mhigh. In Euivpe, the most com,mon ca~s.e :Of fa£lur13 is related 
o unusual ra.in., 'Jllhereas there)s a lack.of occurrences associated with sei$'r'rJrc 

liquefaction, which is the second cause of tailings dam breakage efsewhere·rn the.world. ·· 
" ''I: • 
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e investigated five a priori hypotheses on factors affecting year-class success of 
ommercially exploited Tanner crabs, Chionoecetes bairdi, in Bristol Bay, Alaska, 
hrough correlation analysis and multiple regression modelling. Estimates of recruitment 
rom Zheng et al.'s (1998; Can. Spec. Publ. Fish. Aquat. Sci. 125:97±105) length-based 

analysis of assessment survey and commercial catch data were used to index year-class 
trength. This work extends results of an earlier study (Rosenkranz et al., 1998; Alaska 

Fish. Res. Bull. 5:18±24), which reported positive correlations between Tanner crab year 
lass size and northeast (NE) winds during the spring larval period, by considering the 
ffects of nondirectional wind speed, bottom and surface water temperature, and 

abundance of the potential predators sockeye salmon (Oncorhynchus nerka) and Pacific 
od (Gadus macrocephalus). No relationships were found between year-class size and 

mean wind speed or predator abundance, but positive correlations were found with 
bottom temperatures during gonadal development and egg incubation. Linear regression 
models with the independent variables NE wind and bottom temperature accounted for 
about half the variability in the year-class strength index (r-squared=0.50 for males, r­
quared=0.48 for females). Anomalously cold bottom temperatures may adversely affect 
he Tanner crab re roductive c cle and NE winds ma romote coastal u well in while 
bundanoe estimates of wild and hatchefY,'Pacific salmon On:oorh}tnchus spp. are 

imp9rtant for evaluation of stock ,sta.tus. arid density~d.ependerlt interaetlons .. .at sea. We 
ssembled.ayatlat>le salmqn .catch and·spaVlfning abundance data for bothAsiaaQ'd 

N~rt~ A,meri~a and reconstructed tota~abui;rdanees .. of pink salmon CLfl(Jrbuscha, chum 
almon O: .kela, .and sockeye satr:1ofl 0. ne~ka during 1'52-.2005. Abundance trem:ts 
t;}re evalljated with resp~ct lo species, regional stock groups~:~nd clirnatic regimes. 
· nd adutt·pin~ salmon w~re t~~ most num,erous salmon species {average :::: 2.ea x,1 ()1'6 

1sh/year, pr 10% ofthe to~I at;?ur:fefan~E't of the three.species),. follpwed by sockeye 
almon (6$ x 10,..6 fish/year, or 17%) ~nd clium salmon <4:8 x 10~6 fish/year, or 13%). 
tter the 1976-1 '"? ocea~ regime shift, abundances of ~!Id pinl<sftlmon af.ld sockeye 
almoo .inc:rtfaseClby more than65;% on average, whereasat>undance of wild chum 
atmc:m was lower.in re,cent decMes. Al~h,o,ugh.Witd salmon abunda,m::es, in most regions 
fNl>rUJ America increased in ~e ,fate 1970s, abundances in Asi3, tY~ically did rrot 
incr~ase until the.19905, Annual rele'ases of juvenile salmon from hatctreries in.cretased 
a;pidlydurt11g the .1970s and 1980~ and reached approX(mateJy 4:5 x .10"9 juveniles/year 
urin~ thef990s and ear,Ly 2000s. During 1990:2<YO?, a°'m.ral f;lrodwttion of1hatcbery"' · 
rig in adults:almona'f('eraged 78 x 10"6 chum salmo~, 54 ~ .. to~e ~ink salr:1on, and 3 .. 2 x 

10"6 sockeye saimon,. or approxfmatety 6t, 13, :1:1nd 4%, respeetively, of the combin~d 
otal wlld and hatchery salmon ~bum:tance; The combined at,>undan.ce of adult wild an.d 

• 1'( • • • 

s part of the National Park Service's Inventory and Monitoring Program, biologists from 
he US Geological Survey's Alaska Science Center conducted an inventory of birds in 
montane regions of Katmai and Lake Clark National Parks and Preserves during 2004-
006. We used a stratified random survey design to allocate samples by ecological 
ubsection. To survey for birds, we conducted counts at 468 points across 29, 10-km x 

10-km (6.2-mi x 6.2-mi) sample plots in Katmai and 417 points across 25, 10-km x 10-km 
ample plots in Lake Clark. We detected 92 and 104 species in Katmai and Lake Clark, 

respectively, including 40 species of conservation concern. We detected three species 
not previously recorded in Katmai (Ring-necked Duck [i], Lesser Scaup [Aythya affinis], 
and White-tailed Ptarmigan [Lagopus leucurus]) and two species not previously recorded 
in Katmai (Northern Flicker [Colaptes auratus] and Olive-sided Flycatcher [Contopus 
ooperi]). The most commonly detected species in both parks was Golden-crowned 

Sparrow (Zonotrichia atricapilla); Fox Sparrow (Passerella iliaca) and American Pipit 
(Anthus rubescens) were abundant and widely-distributed as well. We defined sites as 
low (100-350 m), middle (351-600 m), or high (601-1620 m) elevation based on the 

istribution of vegetation cover, and similarly categorized the 34 most-commonly 
etected species based on the mean elevation of sample points at which they were 
etected. High elevation (i.e., alpine) sites were characterized by high percent cover of 
wart shrub and bare ground habitat and supported species like Rock Ptarmigan (L. . . . . 
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faska Pe111nslJlatS~cliarof NationaJ Wildfife R~fuftn;taff:com:lucte,d a survey <,>f spring 
taging.waterfowl on.theNaknek River in t~e Bristol Bay dra"jnage, Alaska. Peninsula, 
faska, f(()m :4 Marcfr- 16 May, 2006. Stam::tarct!:z;ed ground. surve¥5 na,ve been 
ondueted ontl:leNaf(flek ~ivel'si!lce 1992 (surveys were initiated in 1991)., and 
istorical informati°,non pf'fenota:g;y, species co~pos:ition, and abundance is presented 
or ef}ch surv~y year,. ln·2000, we· q~se.rved ·23 species, including Brant (Brarrta bernicl~) 
or the firat 1,i.me '~rnce 209:a. Braot and ripg,-neck~d duck (Afthya collaris) were only .seen 
uring disturbance .. survey~, We analyzed the upper an~ lower route. data separately for 
1~t arrival date, peak count, and pea,lfdate sum~ari~s. F!fteen7y~ar ave~es of ihese 
ata were caleUl@tedforl.3 principal species ontfle Upperroute aud ~ight 00 the: lower 
oute. Peak counts were high, and arrival and peak counts were late for many wat(3rf9wl 
.peel.es this year, Wf!J re-sampled.survey data from all years. to obtain waterfowl counts 

,• ,., . ~ 

Local, short-term dispersal by the U.S. federally-threatened leopard darter, Percina 
pantherina, was examined in the field and in the laboratory to assess the possible effects 
f natural versus man-made barriers on movement. Mark-resight studies were 
onducted in two summers at sites in the Glover River (southeastern Oklahoma, U.S.A.). 
tone site, patches of 'preferred' habitat were separated by a natural riffle; at the other 
ite, by a low-water road crossing with culverts. At the natural riffle site, darters moved 
ownstream across the riffle, but also moved upstream into deeper water when water 
emperatures exceeded 29° C in the 'preferred' habitat. Use of deeper, cooler waters by 
his species in late summer suggests that thermal refugia may be important habitats for 
he long-term management of leopard darters. At the Road Crossing site, all 
ocumented movement was in a downstream direction, and at least two darters . . . 

Noqheastem er,istql f3'ay; Ala,ska, which in<lfu~~s three large ~tuartes, i~ used by 
muffiple sea ·duck specie~ during. the.annual cycle. L:imtted aertat surveys indicate that 
his area supports tens oft~o~sands of king eiders and ~lack scoters tluring spring 
migration an:cUhe. autumn molt . Existing sat~rnte telemetry data, were used to assess tne 
emporal patterns of habitat use af1d spatial Clistributicm of king. eid~rs and bla~k scoters 
in n~rtheastem Bristol Bay throughou~ the. annual cycle. King eiders w:s,ea northeastern 

rtstol Bay during. au. monttts ofthe annt1al cycle and black scote,rs used the area during 
·· pring.through falt Bothsp~cie~ exhibited a si.mtlarseasonatpa,ttem.of use.that 
orresponded with the timirn~ of life cycle stages. _Abundanc~·'of both ~pe~ies was 
ighe~t during spring migration and .the autumn molting period and lowest .during 
ummer .. Use .. bY ldrtg eiders did not occur guring.alI winter months .. in every year .. oflhe 
tudy. King eiders were mare tm.~adlY ~istributed than t;>lac:k scoters,and were l~<:lt~d 
arther from shore Jn dee"per water. Core. use ~re<!s had minirnaf overlap, suggesting· a 
agree fl,hpatiat segregation between sp~cies and a. preter:ence for diver~ent habitats in 
ortheastem Srlstol Bay .• Further stu~y of pot,entlat variation in invertebrate commi,mity 
tructure that may correilate with the ob$erved interspecific.s:pattat segregatioA Jn .. habttat 

•'' , ' ' . ' ' ' ,, ' ,,,~ . ' ' . 
One of the most spectacular phenomena in nature is the annual return of millions of 
almon to spawn in their natal streams and lakes along the Pacific coast of North 
merica. The salmon die after spawning, and the nutrients and energy in their bodies, 
erived almost entirely from marine sources, are deposited in the freshwater 
cosystems. This represents a vital input to the ecosystems used as spawning grounds. 

Salmon-derived nutrients make up a substantial fraction of the plants and animals in 
aquatic and terrestrial habitats associated with healthy salmon populations. The decline 

f salmon numbers throughout much of their southern range in North America has 
prompted concern that the elimination of this "conveyor belt" of nutrients and energy may 
undamentally change the productivity of these coastal freshwater and terrestrial 
cosystems, and consequently their ability to support wildlife, including salmon. If 

. . . . 
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For decades. ecolt;lg.ists ··have r:ecogni~ed. the potential· impof'taoce. Of mari!')ederived 
utrients (MON) <!Jepo~ited in .fre.shwater ecosys,tems by spawning a,nadromous salmon. 

Previous. stu,dies have shown 4tfat some MON are retained in fres~vv~ter ecosystems, A 
popular:hypetf:iesis linR!rig ML'ilN to salmon.. popul~tion pr~duct.ivity posit~ ttf~tMDN 
provided DY. posvspawning ·r,Tiottalityof salfT1~n are critical for, salmon poputatton 
ynamics becausla they enl'l~nce prey populations in the freshwater ecosystems used as 
ursery t:tabitats: ,WE! tested t~is hypothesis by reconstructing hist<:)r:ical soct<eye .salmon 

populafions fortne fast 3QOyears in Brrstpl Bay, Alaska. Stable nitrogen isoto13e 
hf:Onologies in fake sedlm~nts anq sb9keye catch an,ct escapem~nt histories show that 
ommer,cial fisheries Intercepted about two.;thir:ds of l'VlDN ()01.md for freshwater spawnirfg 
rounds since about 1900. Reconstruction.oftake algatproduction, using fossitp!gme!lts · 
hows that this loss of MON has redu~ed lake. algal productivitytoabouton?-tfiird ofits 

level befQre comfTlercial fishing. Ho\!Yev,er,. contrary tP expectation, re~nt sockeye 
pqpulation.sizes (sum ohpawnlng escapement and fishery catch}in theJ:ast century . . 
One of the most pervasive themes in ecology is that biological diversity stabilizes 

cosystem processes and the services they provide to society, a concept that has 
become a common argument for biodiversity conservation. Species-rich communities are 
hought to produce more temporally stable ecosystem services because of the 
omplementary or independent dynamics among species that perform similar ecosystem 
unctions. Such variance dampening within communities is referred to as a portfolio 
ffect and is analogous to the effects of asset diversity on the stability of financial 

portfolios. In ecology, these arguments have focused on the effects of species diversity 
n ecosystem stability but have not considered the importance of biologically relevant 
iversity within individual species. Current rates of population extirpation are probably at 

least three orders of magnitude higher than species extinction rates, so there is a 
pressing need to clarify how population and life history diversity affect the performance 
f individual species in providing important ecosystem services. Here we use five 
ecades of data from Oncorhynchus nerka (sockeye salmon) in Bristol Bay, Alaska, to 

provide the first quantification of portfolio effects that derive from population and life 
history diversity in an important and heavily exploited species. Variability in annual Bristol 
Bay salmon returns is 2.2 times lower than it would be if the system consisted of a single 
homogenous population rather than the several hundred discrete populations it currently 
onsists of. Furthermore, if it were a single homogeneous population, such increased 

. . . . . . . 

alrr:ionids are an rmprirlant comppneot of bi(li:l!yersity,. culture and ecQho.rny in severaf 
egiom;., ~rtiC,uiarly the North Pasific Rim .. Given thisimp?rtance, they have:been 

intensively st!.ldied for about a ~entury., ~nd the ~ioneering $9ien,tists. recogniz;edthe 
:iti<;al link betwe~p population .structure and co~s?rvatioo, Spatial stru?ture is indeed of 

prfme importance for .salmon conservation and management: At first gtan,ce, the. essence 
fthe. metapopulation concept, i,e., ~ pGJpu!ation ofpopttlatri;>ns., widely u$ed on other 
rganisms like butterflies, seems to be pa,rticu .. larly releva(lt to salmon, and more 
eneratfy to anadromm..is fis~. ·~evertneless, the con~eptJs rarely used, and. barely 
e~t~d, 8ere, wepresef!t a metapoputatioA pe~pective for anadromous fish, ~ssessing 

in terms of processes. rat~erthan of patterns tile set:of necessary conditions for 
metapopulation dynami~ to exist Salmon, arid particularly sockeye satmon in Alaska, 
re used as an illustrative case study, A review ofHfe histq.rytraits indicates thatthe 
hree oasia ~onditioms ~re likely to be fulfilled by anadromous saim~>n; (i) the spawning 
abltat is· discrete and pop~tations arespatiafly seearated by unsuitable ITabitat, (ii) some 
synehr~ny.is pr~sent,in tfte dyhamias of more or fess distant (Yopul~tions and (iii) 
ispersat Hnks populati~~ns becaui>e soO"le salmon stray fn:>m their natal population. The 

implications of some p~cutiaritles of salmon lifer history trnits,unusual in classical 
metapopolations, are, also cjiseu~sed. Oeeper understanding of theP()POlati~n structure 
f an~dfOfT1ous fish wiH beadvane&d by futwre stuc:iles qn s,~ecifie topics: (1) crit~ria must 
e defioed for.the delineation of sui.table habitats ttlat are t>ased on features of th~ 
ioto e and not on ther resence 0f fish· it the collection of .. Jon .-term data and tne 
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stock assessment of rainbow trout Oncorhynchus mykiss was conducted during spring 
and fall 2004 on the Tazimina River in response to reports by user groups of decreased 
abundance and reduced fish size. From 22 April to 28 May 2004 a mark-recapture 
xperiment to estimate abundance resulted in an estimate of 950 (SE = 213) rainbow 
rout in river of which 16% (SE = 2.3%) were sexually mature. Sampled fish ranged from 
161 to 612 mm FL with a mean length of 307 mm (SE = 4.10). Between 19 and 27 

ugust 2004 CPUE and length distribution were estimated for comparison with past 
research conducted during the same time frame. Four hundred fourteen (414) rainbow 
rout were captured with a CPUE of 3.23 rainbow trout per hour. Length distribution . . 
i>llections af stomacns ffom bell;lkf:ia ~tra,tes t~k~n by Es]dm0: stibsi~te~ce hunters In 

he B~rlng and Chukchi Seas have greatly incr,eased the. da!'tavaHabfe on ~pring and 
ummer lbods in those area~. G>uring .spring migration in th~ Chu~ki;rhJ S~a feeding 
~ems influenced. by fee conditions. Sprin:g foods incll:ide ¢\retie cod, shrimps and 
ctopvs .. 1nc:oastalareas ofthe northern Benrg and Qf;tukc?i Seas, summer fcre><fs 

include saffron cod;, sculpins, herrin;g,.smelt, capeUn~ ~almon, char, shrimps ar:d octopus. 
afft"on cod was the prima,FY.Pr,ey sp~cies in Nort.on S,o~nd ~ndE;>chscholtz Bay.in June. 
ther spacies offis~es are eaten· in refatiori to their sea5ooal l'.lattems ofdistribution a,nci 
bu~da,:noe. Ba~ed on infc;>rrf!<:ttion from coastal residents 'artd the. literature, ~imil~r foods 
re usea in summer from~Brist~I Bay to the notfhea~te~,Chukchi Sea. In Eschsch.oltz 
B~yyoung belukhas ate smafle: saffron cGd t~an older anim~I~ ~nd rn~l~s ate 
roportionatel}" more ss;:uJpins. than Jdid females: During autumn ~~dyv,inter mc,niths 

pol!ock ar~ probat>ly tf'le:major prey in the,southeast~rn aiid southcentral earing .Sea 

e studied natality in the Northern Alaska Peninsula (NAP) and Southern Alaska 
Peninsula (SAP) caribou (Ranger tarandus granti) herds during 1996-1999, and mortality 
and weights of calves during 1998 and 1999. Natality was lower in the NAP than the 
SAP primarily because most 3 year-old females did not produce calves in the NAP. 
Patterns of calf mortality in the NAP and SAP differed from those in Interior Alaska 
primarily because neonatal (i.e., during the first 2 weeks of life) mortality was relatively 
low, but mortality continued to be signficant through August in both herds, and aggregate 
annual mortality was extreme (86%) in the NAP. Predators probably killed more 
neonatal calves in the SAP, primarily because a wolf den (Canis lupus) was located on 
he calving area. Despite the relatively high density of brown bears (Ursus arctos) and 

bald eagles (Haliaeetus leucocephalus), these predators killed surprisingly few calves. 
Golden eagles (Aquila chrysaetos) were uncommon on the Alaska Peninsula. At least 2 . . . 
o~inco AJaska Explpr~lion Corporation, is investi~?tlng pO'ssi~ie development Qf its 

targe Pebble Copper porphyry d~posJt 20 mfles nocthwestofthe communify of llia~na in 
he Bristol Bay Region. Since ~ev~bpment of the.project woulQ likely .impact witdl.ife 
esour,ces, Terra Nord wa~ contracted to con~uct a r~onaissanc~ level wildlife survey of 
he project area. The p1.1rposes of this r~porf are f?: 1) doGument the resulf$ of that 
urvey for qominco's ongoing aS"sessment process; 2) summarize information on 

None 
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e completed a second year of aerial survey observations to monitor Black Scoter 
(Melanitta nigra) breeding populations in western Alaska tundra wetlands. The stratified 
urvey design was based on analysis of intensive systematic surveys flown 1989-1997. 
e flew 8 survey days from 12-21 June 2004 and 11 survey days from 13-24 June 

005. For each year and observer, we estimated aerial detection rates with independent 
ouble-count observations made approximately every fourth transect. The visibility­
orrected estimates of breeding populations after combining all 2004-05 data were 

108,100 Black Scoter (standard error SE= 13,300), 198,900 (SE= 28,600) Greater 
Scaup (Aythya marila), and 42,200 (SE =13,200) Long-tailed Duck (Clangula hyemalis). 
Compared to the similar surveys flown 15 to 7 years ago, estimated total population size 
indicated declines with average annual change at -3.1 % for Scoter, -5.2% for Scaup, and . . . . . 

e examined th.e site fidelity ()f.spawnirlg adu!t'socke~,satmon fOncorhynchus nerka) 
y tagging and releasfng.fish in the same stream.reacfl (controls) ~nd displacil'.fg them 
mongdifferentbut ne'i:trt>Y sites(c.50 maw~y), .Three sttes .. ~ .. twoabove.~.str~m 

. tncfi<?~ ('upper' reach and 'po~d') and one.below. ('lower reach) -:.allowed us. to compare 
hebehavi.or of sa,frnonin the presence and absence .. elf olfactory cues.and habitat 
imilaritr. Mest controls pf both sexe:s (gQ!lJ&).remained in the. immediate vic.inity()fthe 
ggingandrelease site. vynen Glisplaced .. downstrea01,where the odors of both. the 

pper reach and the pond we~ detectable, moi;t salmon returned ttr'their forrner site 
SS,%~. Di~pl~ced sockeye Vlfere more rikely toretuf11 to the pond fromthe IOV!J~rreacn 
haQ from the upper:ane (P =0.05), consistent with oUactory orientation am:fthe 

a-, ,• • ., 

Salmonid fishes aggregate for breeding at spatially defined, suitable habitats. These 
aggregations may evolve into discrete populations when precise natal homing leads to 
reproductive isolation, and local regimes of selection lead to adaptation. Population 
tructure is often defined by persistent differences in selectively neutral genetic markers 

and in mean values of morphological and life-history traits between locations. This 
approach is limited by the spatial scale at which traits diverge; low levels of 
reproductively successful straying, combined with similar selective pressures on life­
history traits resulting from similar habitat features and environmental conditions, can 
ignificantly reduce the power of these discriminatory methods. We compared data on 
hree life-history traits and polymorphism of DNA microsatellites for evidence of 
population subdivision among sockeye salmon spawning on spatially discrete but 
physically similar beaches on islands in lliamna Lake, Alaska. We found small but 
ignificant differences in average body length, body depth and age composition between 
ites as well as significant interactions between site and year. These interactions, 

reflecting random variation in growth or recruitment among sites, are a powerful tool for . . . . . . . . 

None 
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ne stocks of socike~e ~almon, onr:xirtJyncl!Jus n,erRa, in Bristol. Bay, At~sk.a, arE:l 
prod~c~d in the lakes and stre~ms ·Qf 10 major river ~ystems, which dischargejnto the 
ay ov~r a shoreline cHstanc~ ot193 km;. The establi~hment t>fflshing area~, the 

.. etermination whE:m fi~hing. may be p~rf".litt~d, and. the effect of e}{ptoiting simultaoedusty 
eveQ:l.f stocks oJ soekeye salmon requi~ knowledge of tne. migratory ··Pattern Of the 

individual stocks comprising tfl"e ruo to ;Bristol Bay during spawning migration. V~rtous 
mark~and.;rec~pture experiments an~ etploratorynstlingtn the eastern s,erirrg Sea and 
Bristol Bay provide a picture of the migratory pattern of Bristol •Bay sockey~ s,atmon from 
pproximately longitude 170 Wto tAe head of Bristol Bay. Tl:)e matnrnigration route of 
H s.tock:s of.Bristol Bay sockeye ~almonJ~ inttte offshore waters of ttie souttrem half of 
he. entrance to .the bay anc:tin the southern half of.the bay itself, AU stqcks remain in the . . . . 
!though excessive loading of fine sediments into rivers is well known to degrade 
almonid spawning habitat, its effects on rearing juveniles have been unclear. We 
xperimentally manipulated fine bed sediment in a northern California river and 
xamined responses of juvenile salmon ids and the food webs supporting them. 

Increasing concentrations of deposited fine sediment decreased growth and survival of 
·uvenile steelhead trout. These declines were associated with a shift in invertebrates 
oward burrowing taxa unavailable as prey and with increased steelhead activity and 
injury at higher levels of fine sediment. The linear relationship between deposited fine 
ediment and juvenile steelhead growth suggests that there is no threshold below which 

. . . . . . . 
tie North Pacific 9eean ha:> been of great significance to: understanding biogeography 
od ~peciaticm intemperate faunas, incJudtrrg for 1Wo :species. ofctiar (Sf1lm'1,nidae: 

Sahtel{nus) whose evoru,tionary retationship~has peeo controversial. We examined the 
morph~logy.and geneti~s {fnicrosatellite and rntfochond[iaJ DNA) of Arctic ch'.?Ir 
Salv~finus alpiaus) ana D<,:illy \Yardenchar (StiJlvellnusma/ma}inlake sy$tems in 
est~rnAlask,~. th~eastem andwestem Arctic, anct south of tfte cAlaskan peninsula. 

Morphologically, each lake system contained tWo form~: one (Arctic char). tar:ge,ly 
onfined to lake nabitats and char:acterized by gr~at~r number.s of pylorfQ cae~a. gift 
akers, and stlallower bodres, and another (Dofly Vardert) predomtnated in adjacent 
tream .habitats and was cnara,cterized by fewerpylor,ic caeca, g.iU rakers, an~ de&per 
odies. MtONA partial (.s,'SO bp) d-loop sequences ot both taxa were interspersed with 
anh ath:erwithin a single 'Berrng' clade ~nd demographic inferenc~s s~ggested 
istorical gen~ flo\111 from pouy yarde~ to Arcttc char had occ~rred. By contrast, the ta~a 
.ere s.trongly differentiated in sympatry across ninemicro;satelliteJoci in both lakes. Our . 

.., • <ii' ~ 
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he upper reaches of the Kvichak River system extend into Lake Clark National Park 
and Preserve. This system is the world's most productive spawning and rearing habitat 
or sockeye salmon. It contributes about 50 percent of sockeye salmon caught in Bristol 
Bay, 33 percent of the entire catch in the United States, and 16 percent of the total world 
atch. Wildlife abounds in and near the park and preserve. The Mulchatna caribou 

herd, numbering nearly 200,000 and said to be the most stable and healthiest herd in 
laska, grazes and calves along the western boundary of the park and preserve. Dall 
heep and moose forage the area, and brown and black bear, wolves, lynx, foxes, and 
ther mammals are present. Fish include five species of salmon, rainbow trout, Dolly 
aren, lake trout, northern pike, and Arctic grayling. On the Cook Inlet side of the park 

and preserve, swans and other waterfowl nest on marshes and outwash plains and rocky 
lifts in and adjacent to the park provide rookeries for puffins, cormorants, kittiwakes, 

and other seabirds. Seals and whales may be seen occassionally offshore. The park 
and preserve contains significant cultural resources since the area has been occupied 
ince prehistoric times. Dena'ina Indians lived at Kijik on Lake Clark until the early 

1900s, when they moved to Nondalton and other sites. Other prehistoric sites are 
located near Lake Telquana and along the upper Mulchatna River. Russian explorers, . . . . 

hi~ Cons.enration. Pran for the Paci.fie· Wafrus in Ataska has been ap~tovecl by the.ti~ 
Fisl:ranp WflcJJife $enrtee. Qurirrg the 19&8 reaU;thorization of the Madne r\,1a01mal 
ProteetilJn Act, .congress .suggest,~d conservation plan~: (1} be prepared wh~re they 
ould benefitthe poputation, and (2) provide ce~in background material and de\/l9lop a 
trat~gy for achieying the primary g0al of the MMPA of maintaining population sto~ks 
Ith.their optimum.sustainable popu.latien level. rhi~ plafl has been develo,ped 
C,cotding~. The Conservation Plan does notpecess~rily represent o.fficlat positions or 
ppro,val by cooperatipg agencies or organizations. The Ponseryation Pia~ was 

prepared by the staff, Mari11e Mammals Man,agement, US Fish .and Wildlife .Ser\rice with 
tte assistance of the Marine MammalCommission, the Eskimo Walrus Commjs5io!1, anci 
he. Un,iversit,y of A~aska todeUneate reasonable.actions be11eved requifed to oonserye 
he Pacific walrus poptltation within the re9uirementso.f the Marine M~mmal Prote~tion 
Ct Of 19721 as arnemlled. While many Of the contributions and feC0fl11116hdatiOf1S made 
y these organi~tians have been inco(po.r~ted intothisPlan, the Plan does not 
ecessarily:represent. the vieyvs of thes.e gr9ups, 11or does it arways represent a 

None 

Norie 

None 

None 

None 

None 
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he five naturally occurring and one transplanted caribou (Ranger tarandus granti) herd 
in southwestern Alaska composed about 20% of Alaska's caribou population in 2001. All 
ive of the naturally occurring herds fluctuated considerably in size between the late 

1800s and 2001 and for some herds the data provide and indication of long-term periodic 
(40-50 year) fluctuations. At the present time, the Unimak (UCH) and Southern Alaska 
Peninsula (SAP) are recovering from population declines, the Northern Alaska Peninusal 
Herd (NAP) appears to be nearing the end of a protracted decline, and the Mulchatna 
Herd (MCH) appears to now be declining after 20 years of rapid growth. The remaining 
naturally occurring herd (Kilbuck) has virtually disappeared. Nutrition had a significant 
ffect on the size of 4-month-old and 10-month-old calves in the NAP and Nushagak 

Peninsula Herd (NPCH) and probably also on population growth in at least four (SAP, 
NAP, NPCH, and MCH) of the six caribou herds in southwestern Alaska. Predation does 
not appear to be sufficient to keep caribou herds in southwestern Alaska from 
xpanding, probably because rabies is endemic in red foxes (Vulpes vulpes) and is 

periodically transferred to wolves (Canis lupus) and other canids. However, we found 
vidence that pneumonia and hoof rot may result in significant mortality of caribou in 
outhwestern Alaska, whereas there is no evidence that disease is important in the . . . . . 

hi~ r~eort sumrrarizes the res,uLts of a prelimitrary investiganon ~f caribou ltse of the 
J)r()pose~ Pebble .Copf)er min:e site, northwest oflllamnaLake, Ala,ska between April 
49,92 and December 1993. T~e .Mulchatna Carfl$ou Herd \MC!i) tias been expan,ding in 
ang.e and number for the past decade and it Is e&timated to c9ntain at least 82,ooq 
nima,fs, .Seasonal ra11ges Qf theMCH Jnelu.de the proposed Pebble copper mine sit~ 
nd ass°,ciatedroadcorrietors.nearmamna~ake: spme cari~ou·remainin the vicinit¥of 
he>proµ,osed mine thraugflbuttheyear, not migrating n?rth a11d, westwiththere~tofthe 
erd in the sf)ring an~ summer, In recent y~ars'. most of tfie MCI-! shifted its. ~inter 
ange to eoncentrci.te on areas wesurom lliammi L~ke, Calving areaS'.for tne ~McH are in 
he vicinity of .the u~p?r Mulchatn.a ~iver and near the freac1waters of the KolduU River. 
he KoktutiRiver calvi11g area is lmme.Qiate.t.y.adjacent tothepropos~d mrnefilte. Up to 

his report summarizes the results of capture and survey activities on caribou radio­
ollared near the proposed Pebble Copper mine site, northwest of lliamna Lake, Alaska 

between April 1992 and December 1993. The Mulchatna Caribou Herd (MCH) 
ontinued to expand in range and number during this investigation and was estimated to 

include from 110,000 to 130,000 animals. Caribou that were radio-collared near the 
mine site appeared to be representative of the entire MCH. Seasonal ranges included 
he proposed Pebble Copper mine site and associated road corridors near lliamna Lake. 
In the late 1980's, most of the MCH shifted its winter range to concentrate on areas west 
rom lliamna Lake. Calving areas were in the vicinity of the upper Mulchatna River, 
Mosquito River, and Harris Creek, as well as portions of Kaskanak Creek southwest of 
he proposed mine. Ridges between the Nushagak and Kuskokwim drainages were 
avored in the summer and fall. Some caribou remained in the vicinity of the proposed 
mine throughout the year, not migrating north and west with the rest of the herd in the . . . . 
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he Alaska National lnferest Lam:!s>Oonservatbn Act {ANllCA; P.L: [Publlc,t..:aw] 9e:. 
S7) of !9,SO n;randateti that rural Alaskan5, be given priority use offish a~d wildlife on 

ederal public lands. for subsfstepce purposes .• This corwept conflictS witn fhe Alaska 
Ot1?fitutiQn, whi~h guarantees equal access to,re$ources~to:afl u,sers;.The resulting 
onfHctspawm~d a ~ual ~tateffederal m,aAagern~ntsysten1and·cof1siderabte controversy. 

In sout11westem ·Alaska,. this dU~mma is exacerbated 19y ttle equally:.dominantcultures of 
Indigenous Yup'ik EskimOs<an~ mor~ recent immigrants from western ~ultures.AlthouQh 

iltlHfe conservation is an important goal (:)f bot!) cultures, managem,ent phitosophtes 
nd practices are dissimilar ana sometimes contradictory:. This is especially tr~e for 
rown bea~ {~rsus aretos?,which hofd<a~ important P,laeein Yup'ik~Ulturearrdare 
ighl~priz~dbytrophyhunters. ln .199.1 and ~992, ~rown be~rsuti.sistence hµnting 
easons were sJgnifie8,ntly liberalized in southwest ~laska. In, recagnition of the potential 
anger of this liberalization; ttle state attd fectem,1 regulatory boards c,@ncurrently 
tlpulateti:a research program to deterrrine bear density .aQd harvestable surplu~ in a 
epresentative .por:tion of the .. area. ·we ~egan the investiga,tion in 1993, ~ut trave been 
ampered by~on,flicts between Yup'ikand western belt~fs. f'\leverthetess, Y!e have 
ained im,porta~t insights into dynamiQS ofthe. be~r popul~tian a~d attaineirl'abetter 
ppreciaticmtorYup'lk t(aditions. Our nuH hypothesiswasthatt)eardensity could 
4 " ' ,'' • , .; • ,/ ' • 

From headwaters to mouth, the physical variables within a river system present a 
ontinuous gradient of physical conditions. This gradient should elicit a series of 

responses within the constituent populations resulting in a continuum of biotic 
adjustments and consistent patterns of loading, transport, utilization, and storage of 

rganic matter along the length of a river. Based on the energy equilibrium theory of 
luvial geomorphologists, we hypothesize that the structural and functional characteristics 
f stream communities are adapted to conform to the most probable position or mean 
tate of the physical system. We reason that producer and consumer communities 
haracteristic of a given river reach become established in harmony with the dynamic 

physical conditions of the channel. In natural stream systems, biological communities 
an be characterized as forming a temporal continuum of synchronized species 

replacements. This continuous replacement functions to distribute the utilization of 
nergy inputs over time. Thus, the biological system moves towards a balance between 

a tendency for efficient use of energy inputs through resource partitioning (food, 
ubstrate, etc.) and an opposing tendency for a uniform rate of energy processing 
hroughout the year. We theorize that biological communities developed in natural 
treams assume processing strategies involving minimum energy loss. Downstream 

. . . . . . 

h~ dynamic an~ hi.e,rarchica.1 nature of totic .. e,cosyste.msrnay be· qo,ncept~aJJzed. i~ a four 
im~n~iarral framewo,rk. Upstream.:1c1ownstr~~m Interactions constitute theJan~itudinat 
irrension. 'Ttie later~! dimension includes interaetipns betw:e~n th:e channel and 
·parfan/flqodplain. systems; stgnifieant tnte,raction~ alsQ occur oetw:ee,n tne channel and 
ontigu~us dwat$r,.. the·vertical tlirnensi<:.m. The fourtl'\ dimerislon, time, prcMdes 
h: temporal ale, • l::otic ecpsystems :have developed in res~onse ·to d 
nCI processe~ oce1,;1rring alQng th~se four dimension,s. ,6\n ~?listie approacfl .. . .... ploys 
spatio-temporal framework, arid that perceives disturbances as forces disrupfing majar . . . 
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1. This review is presented as a broad synthesis of riverine landscape diversity, 
beginning with an account of the variety of landscape elements contained within river 
orridors. Landscape dynamics within river corridors are then examined in the context of 

landscape evolution, ecological succession and turnover rates of landscape elements. 
his is followed by an overview of the role of connectivity and ends with a riverine 

landscape perspective of biodiversity. 2. River corridors in the natural state are 
haracterised by a diverse array of landscape elements, including surface waters (a 
radient of lotic and lentic waterbodies), the fluvial stygoscape (alluvial aquifers), riparian 
ystems (alluvial forests, marshes, meadows) and geomorphic features (bars and 

islands, ridges and swales, levees and terraces, fans and deltas, fringing floodplains, 
ood debris deposits and channel networks). 3. Fluvial action (erosion, transport, 
eposition) is the predominant agent of landscape evolution and also constitutes the 

natural disturbance regime primarily responsible for sustaining a high level of landscape 
iversity in river corridors. Although individual landscape features may exhibit high 

urnover, largely as a function of the interactions between fluvial dynamics and 
uccessional phenomena, their relative abundance in the river corridor tends to remain 
onstant over ecological time. 4. Hydrological connectivity, the exchange of matter, 
nergy and biota via the aqueous medium, plays a major though poorly understood role 

in sustaining riverine landscape diversity. Rigorous investigations of connectivity in 
iverse river systems should provide considerable insight into landscape-level functional 
recesses. 5. The s ecies ool in riverine landsca es is derived from terrestrial and 
e us~d mark..;;recaptttr8,t~ctl:niques to examine the effects of four types Qf road 

rossings on fish nioveme~t during ·Spring base .flows anEI summer low, fl(ijWs. in small 
tre~ms Gf ttre Ou~chita Mountalns, west".centralA{kansas. We asse~sed movementfor 
1 fish, specie's in se'fe~ families thrcrugh c1.,11vert7 stab, open.Pc:>,x, an~ ford croosings affd 

htough natural raacties: We detected no sea:o,natordirectif>nal bras in fish r110vement 
hrough any cros~fng type or the natural reacfles, Overall fi~l:l. movement was an ()rder of 
magnitude loW:er through culyerts ttran through other crossings or natural reaches, 
xcept no fl!Ovement was defect~d througtt the slab crossing. In contrast, open-box and 
ord ero~slngs. showe~ ltttle q!fference from natu.ral reac.he$' in overall movemer:t of 
ish~s~N~mbers, of species that trav6,rsed cros~ings and, movement within thre~ of. four 
ominant ris~ tamilies,(Centrar'chiGtae~ Cy~dnid~e,. and Fund~li~ae) also were reduced at 
ulverts relative to fQrd a,nd open:rb°,x qrossings and· ~at(:lral r,eaches. lo spring, r~tef1tion, 
f. fishes was consistently h!ghest:'n stream segments upstreaft! .of crossings ~m<::t lowesf 

in downstreamsegrnents for all crossing: types, a respo:nseatttibuted to scouring . " . ,, ~ " ,., 

otal dissolves solids (TDS) are naturally present in water or are the result of mining or 
ome industrial treatment of water. TDS contain minerals and organic molecules that 

provide benefits such as nutrients or contaminants such as toxic metals and organic 
pollutants. Current regulations require the periodic monitoring of TDS, which is a 
measurement of inorganic salts, organic matter and other dissolved materials in water. 
Measurements of TDS do not differentiate among ions. The amount of TDS in a water 
ample is measured by filtering the sample through a 2.0 µm pore size filter, evaporating 
he remaining filtrate and then drying what is left to a constant weight at 180°C. The 
oncentration and composition of TDS in natural waters is determined by the geology of 
he drainage, atmospheric precipitation and the water balance (evaporation­

precipitation). The mean salinity of the world's rivers is approximately 120 mg/Land the 
major anion found in natural waters is bicarbonate. The most commonly occurring cation 
in fresh water is calcium. Changes in TDS concentrations in natural waters often result 
rom industrial effluent, changes to the water balance (by limiting inflow, by increased . . . . 

he subsistemi~ harvestsurvey in. Brisfol Say has been corid!:Jcled !Ofei~ht years: 1995; 
~997', 1999, 2000, 2001, 2002, 20041and2005. OntheTo~tak Nat.iOMI ~lellife Refuge 
Re!Uge), .the survey has been, conducte:~ .for ten .years1 1995,,~00?·· (No survey. was 
onducted in .Bristol Bay i!'l 1003). Summrny tables of Bristol Bay btrd and egg harvests 
om 1995-~oo5·are inpluded h~re. sum,mary tables .of harvests for eac:h st,1b-region: 
o.giak •. Nusl:iaQak-,DiUinghar:n"lliamna .~incltidtng Ki11g Sa!m0n-Naknek}, and.Alaska 

Penirisull:l,· 20017200§, are .also inclu(Jetlft:ables 1,.;~}. .·· Oetailed trarvesttablesare 
included for each s17ecies, .with est!matesby survey per,ioo and sub .. ~e,gioR~ from 1995 
hrough ~2005 {Tat>les Q .. 1. 044 ). The subststeACe harvest survey in Bristol Bay includes 

& '.: ~ "' • ,. "' 
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Pacific herring (C/upea pallasi) eggs were collected from spawning grounds in Bristol 
Bay, Alaska, transferred to Norway for hatching, and for 63 days raised in a 2000-m3 

marine basin located at the Flodevigen Biological Station. The eggs were from the same 
pawning, and hatching took place over 3 days. Upon completion of hatching, 24,840 

larvae (12.42 larvae/m3
) were released into the basin. Larval growth was rapid and 

metamorphosis was observed 28 days after hatching at a length of 25 mm. The 
xperiment was terminated by draining the basin; 4891 juveniles were recovered. The 

average rate of growth was 0.66 mm/day in length and 2.89 mg/day in weight. The larval 
length frequency, unimodal at hatching, segregated into three modes within 2 weeks, 

hich persisted until termination. The slowest growth rate was 0.31 mm/day and the 
larger herring averaged 1.48 mm/day. At first feeding, copepod nauplii were abundant 
but food declined later. Cannibalism was observed on day 45 and a 30-mm herring was . . . . . . 

he sabi1<'m spawning grou!1d rei:mrt is comf)Ued an~yally to rep0rt the results of 
pawning gn:mnd su~s conducted bytqe Qivisio!1 of Commeroi~I fisheries staff in 
ris:tol Bay. Thereporfdescribes t,ne com:lltions under whioh salmon we~epbservedafld 
the~ tactots affecting escapement data: Al~oug~ data havebeen collected f~ mo~e 
han 20 yearsln most cases, ~PJ)~n(jix tables contain only information fr?m the la'st20 

In February 2006, the US Supreme Court heard cases that may affect whether 
intermittent streams are jurisdictional waters under the Clean Water Act. In June 2006, 
however, the cases were remanded to the circuit court, leaving the status of intermittent 
treams uncertain once again. The presence of commercial species, such as coho 
almon (Oncorhynchus kisutch), can be an important consideration when determining 

·urisdiction. These salmon spawn in the upper portions of Oregon coastal stream 
networks, where intermittent streams are common. In our study of a coastal Oregon 

atershed, we found that intermittent streams were an important source of coho salmon 
molts. Residual pools in intermittent streams provided a means by which juvenile coho 
ould survive during dry periods; smolts that overwintered in intermittent streams were 

larger than those from perennial streams. Movement of juvenile coho into intermittent 
ributaries from the mainstem was another way in which the fish exploited the habitat and . . . . . . . . 

Cata ontttndra ~wans( Cygttu~ r;oluif;rbJ~nus columl:)fant.JS!). were obtained on the 
orthem AlaskaP~ninsula from ~983 tt> 19~7, Phen was adyal"lced 2-4 w,eeks of 
wan nesting areas .in the Subarctic andArctic'. lS:ut a. >spring ret~rded nesting by at 

least ten daY5,'. The htghestdensities of p~tentiaJ bree€1ers (0'.3-0~9 sw~nsukm-2) 
ccun;ed along. the lowla~d coast and. in Uroad drai.nage D'a~ins .. Estimates "9fth~ 
reeding population ranged trom 4000 to 4600 sw~:ms .. Brood 's.izes. in Augu,st rang:ed 
ram 2.7 :t Q.3.SE ti;J3.3 ± 0.5.young. lp .summer, 51-:-66% ofthe adults folnd subadt,ilts 
ere ohserVEfd as poter:itial breeders, and the remainderwere. in nonbreeding flocks. . . 

Many wildlife species feed on anadromous fishes of several life-history stages. There is 
vidence for some wildlife species that the availability of anadromous fish is critically 

important for survival or reporduction. In some regions anadromous fishes in fresh water 
appear to be keystone food resources for vertebrate predators and scavengers, forging 
an ecologically significant link between aquatic and terrestrial ecosystems. The spatial 

istribution of anadromous fish in fresh water, including the occurrence of runs in very 
mall streams, has important consequences for wildlife biology (social interactions, 

'frotn lrttrodo,ct[o~): Anatlromdus and insh~re-s~awiring manne fi~h provide ·arfch1 

easonal food resourc,e that directly affe~ts th~ biology ~f both aq.Qatic and terr,:estrfal 
orsumers an~ indirectly affeets the enttre food web that knits the water and. land 
ogetRer:. I~ ~ddition, the. authors sugg~st tl)~t the presenc~ of a seas~nally abun:dant 
ood resource ~as helped to shape the evolution ofa'il.latic a(ld terrestrial consuniers, 
nd that pre(jators nave proabably e,:xerted reciprocal ev0tutionaw pres~~s op their 

prey, potenttallyJntruencing the life tli~tory and. morphology of th~se fishines. Finally, foe 
uthors suggest that anadromQus and inshqre~p~"i:'~inQ, fishes constitute such an 
impo~ant prer baseJor ter;restria,twildlJfe that conventional ecology di;>g.rnas need to be 
evise'd. Interactions between anadr~mous fishes and wHdUfe have, been recogni?ed as 
avfngsorrre gen~ral ~cological importance (e,g\ .. , Brown 1982),but only rec~ntly tfave 

ne ramJfcations of these interactions and .their potential magnitude f!egu11 to be . ,• •' . 
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spatially intensive survey in 1989 of 52 sites in the Red River drainage in southwest 
Oklahoma and surveys in all years from 1978 to 1987 on four sites in the drainage 
provided evidence that construction of Altus Dam on the North Fork of the Red River 
aused major changes in fish community structure in the river above the dam. Pre­

impoundment data on the fish communities were scanty, but the inferences they allowed 
ere similar to those obtained by comparing fish assemblages in the North Fork above 

he dam with assemblages elsewhere in the drainage, particularly along Salt Fork, which 
had similar habitat characteristics. Twenty-five species were collected in the North Fork 
above Altus Dam, compared to 33 in the Salt Fork and 34 in the North Fork below the 
am. The speckled chub Macrhybopsis (formerly Hybopsis) aestivalis and the chub 
hiner Notropis potteri were absent in the North Fork above Altus Dam but fairly common 

in similar streams elsewhere in the area. The plains minnow Hybognathus placitus and 
he Red River shiner Notropis bairdi were among the most common fish species found in 
outhwest Oklahoma, but were not collected above Altus Dam in the 1989 survey and 
ere collected only intermittently and in small numbers in the long-term survey. We 
peculate that these two species have repeatedly been extirpated and have been 

reestablished as bait-bucket introductions since the dam was closed. Upstream of the . . . . . . 

La1<e:11iamna. a freshwater fake located 362 km ·(2g5 mi>, southwestof Anchorage., is 
ome to a.smaH b~eedin~lcotonyofharbor seats (Phocavitutina); fli~mnais the la~est ·· 

lake in~laska, "!easuring 124 km (77 mi) long a,nd 3'5 km {22 mi) wid~. These seals are 
kno\IVn to l!ve in the lake. year rounct Althpugh the lake is connected .to the .Bristol Bay 
i~the. ~vichak·River 120 km (75 mil.in 1.ei;rgt~, there are no known accounts of 

it:n,migratio~ or emigrl:ltiOn'. The only other 1n$tam;e ofa freshwater population of harbor 
~als, is the subspecies. (P.1f: mtftllonae) that inhabits Lacs. des Loups IV1arjns on the 

Ungave Penin$ula of f10r'them Quebep,. Can~da .. · Warldwide,there are o~IY f9\;lr other 
lake (j~emn~ s~al~ (all believed t.o be, or descende,d fro"!, tinged seals.). !h,e,r inhabit 
he fres,hvvater t.al<e Ba.ikat{P. sibiric~}; l::.ake $~in:iaa (P ... hispicJa .saime11sfs); lake 
LadoQa{P. h:lade>g~nsisJ:snd tt:e saltwater (1,t%) ianSea (P. caspJc;a). Jn a 
ontinuirrg ~ffortto monitor ttaftjor seal abundance; .. . buticm, and trend throughout 
laska: scientists from NOAA's Nat.iona,1 Marifle MammaLL9,b~ratory (N,MML} ttev,v six' 
urveys of Lake lliamnaln Ju,Iy ~nd August 20,08 •. These su~ys occurr~d at different 
lmes ofday and varying weather comiitio~s to .understand how covariates s1.1ehas gate., 
ime o,tday, and weather, influence .seal haul-out. The. counts, t.madjusted. for covariates, 
Indicated tbat there. were.at least235 seals ai the. lake dur survey perio Th.is 
ompares with .counts of 1:37in 1991 (Mathisen and Kline, Z21 in 1998 II, 

he South Fork basin of the Coeur d'Alene River, Idaho, has been an area of heavy 
mining activity since the 1880s. The mining operations have resulted in elevated 
oncentrations of metals in surface water, most notably cadmium, lead, zinc, and, to a 

lesser extent, copper. The metals affected surface water quality downstream in the 
Coeur d'Alene basin and are suspected to be one of the primary reasons for the 
reduction in populations of native westslope cutthroat trout Oncorhynchus clarki lewisi. 

he avoidance response of a surrogate species, Snake River cutthroat trout 0. clarki 
(unnamed subspecies), was evaluated against conditions simulating those in the Coeur 
'Alene River basin. Cutthroat trout avoided a metals mixture of these concentrations: 

Cd (0.30 µg/L), Cu (6.0 µg/L), Pb (0.6 µg/L), and Zn (28 µg/L). The avoidance response 
o either Cu or Zn alone was similar to the avoidance response to the mixture, 
uggesting that avoidance to the mixture was due to these metals. After acclimation to 
n at 55 µg/L for 90 d, cutthroat trout detected and preferred a lower Zn concentration of . . 
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R~cent dee.fine$ intlte n~ri'}ber of ~ockeyesalm~nreturning t°, Lake.Clark ca4s~d 
conomic hard~hip i~ the region and raised reso~rce.concer:n~ amoog local ~uosistencec 

... sers and Federal rnana~ers~. This firral report describes. findlng6: from a tWo ye,ar St\.ldy 
ittftWo p~imary ol5jective~: 1) to identify sockeye salfl'ton spawning. are~s using fadio 

ete:metry,. and 2) to descri~e genetic varratiqn within and divergence among spawning 
popol.a,tio:ris~ .R:adio Telemetry Res~arcn,:A lack of infOrrnati(}~ r~ga1tHn~ sp~\.Vning 
abitat dlstribtjtion .ill Lake. Clark. instigated this study.·· To determine spa~n.ing 
istrlb4tions, .332 adult sockey(jl ~almonwer~ radio ed as they ente,red t::ake Glarkjn 
OOOahd .S001.flsh wererelocatsd every 5-10 da . tso,at,plane, ~rremotesolar 
owereCJ receivec.Qnaver,ag~, a radiotaQ'g,ed fish)/ifas relocated 12,r tim~s {rang~, 3.: 

33) aRd over~,500 retocati~~s were made. Thirty-five spawning areas vv:ere identified, 
if)Cl.udlng three sites downstre~r,n of the tagging areei and five .sites identified by visual 
bservatton or seining. Etghteen areaswerene\A/lyld~ntlfied. MostLakeCtark ~oc,keye 
alfl1on spawn in. the Ttikakifa River,. J<:iji~ watershed and aJo.qg b~aches. of Lake Clark 
n:d L,ittleLakeClark: Sf)<lwniQghallitat l~ations were rna:filp~d,Jnto .th~ Geograptlic 

Information Sys,tem for Lat<~ Ctark Na!ionaf Park andPreserv€t. Surpri~ingly, ~ver, 60% of 
adioti::tgged satmonsp~wne,d jn tumid glacial waters; most of whict)were adjacent to an 
bvious ~1.earw~ter source. About 75% of identified spawning habitats are adjacenUo 

privately Qwned lands; many st.ated f.er development Proactive rl'teasures sho.uld be 
aken to conserve these babitatS,· Genetics. Research: Pri.or to .this st~dy genetic 

In.formation was tac~ing for Lake. Clark origin~tiog sockeye salmon.popu)aflons. 
rvtole,cul~r genetic markers r;>rovide managers. with more precise tools with yvhich to 
identify and maAage fish populations. Small clips. of fin tissue (non~tethal} werE! obtained 
ro:m 1,442 sockeye salmon repre~eoting 13 Lake. Glark and, 2 northeastern Lak'e mamna 
pawning poP!;llati~n~ in 2000 arid 2£>01. ,4.Jle!e frequencies. differed signiftqantly ac,ross 

11 microsa~eUite locj in 94of105 pair:Zwise+poptdatron cqmparlsons. Pai~i~e estimates 
f Psi' r:anged. from o to 0:0,89: .There .. is significant gen~tic divergence betWeen 

pepulati9ns of l:iak:e"Ctark ~nd .slxmfle Lake: lt}e latter beiog more simil~r to fish of Lake. 
mamna: The reduced numbers of alleles ana strong divergence of most L:ake Clark 

,,,,,,, ,,,, ,,,,, ,,,,, ,,,,, ,,,, 

!though humpback whitefish are the second most important subsistence fish species 
harvested in the Kvichak River watershed, few data are available to assist managers in 
valuating a reported recent decline in this species' abundance. Initial research on 

humpback whitefish in Lake Clark National Park began in 2005, and indicates they are 
both attracted to and derive nutrients from anadromous sockeye salmon. Our growth 
quations (Figure 8) indicate rapid growth until age 4 - 7, which is likely when individuals 

become sexually mature which would slow growth rates. The lack of individuals of 
intermediate sizes could be due to differences in year class strength, selection by the 
ubsistence fishery, or predators. After fish reach a size of ;:::380 mm, predation likely 
eclines and mortality in the population may stabilize at a low level for the rest of the life 
pan. The lack of a strong Sr spike in the 10 otoliths analyzed for anadromy suggests 

Lake Clark whitefish either remain in freshwater throughout their life, or that they use 
. . . . . . . . . . 

?rnl:linedstrE=ramsurvey~atafOr ;:zoos -2010 iOdioated.sa,lm~npresenc:e<in 3 ofevery4 
e~dwater stream~ <>Hess ttran 10% gradient ttrainirrg fo an a~ac:iron10vs river, Inctt1cling 
t~eams GntoP .. of the Pe~bte Prospect Reafing salmonwere .docYm,erted .above dry 
tream ~ea,cnes am:t lrfwaters disconnected fft)rn rivers .sugg~sting. safmo~ access sudh 
ites durfngannual flc>ods or via subsurface groundwaterchannels. Nc,m:-salmonspecies 

important to subsistence,.such (iS DoHy Varden ch~r. were. foun~Nn,:96% of streams 
urvey~d. )\ totat of 168 km (104'.3 mites~ ofpreviousfy .1..1ndocumented salrnor,1 str~ams, 
ere. nomirVated for the firsttime to the State's Anadromous Water Cata.log . .The State 
coepted ~fl 2008 and 2009 new salmon, stream nominations; a,vailab,le at 
http:/lwww.sf.aqfg.$tat~,ak.us/S~R811\WC/fndex.~fm) and 2010 nominaticlsns ar~ 
urrentty ~ndf:'r re.view. Aerial su,~~Y pata ~'nfi~d adult satmon presence. in an. a(:(dftioQal 
58 km {25S mile~} .of streams and .rivers tftat needed confirming data. This study 
',//' ' ,.. //// ' ,,,,// ',' // /". . ' /:.: . 
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Environmental impacts of acid mine drainage (AMO) from Dexing Copper Mine, the 
largest open pit copper mine in Asia, on Le An River were well documented 10 years 
ago. However, ore production of the mine has increased fourfold and the contamination 
ituation of the river now is unknown. Our studies indicated that heavy metal 
oncentrations in riverwaters (dissolved), suspended solids (SS) and sediments all 
howed highly localized distribution patterns closely associated with two AMD­
ontaminated tributaries (Dawu River and Ji River) and are significantly different from the 

previous findings. Compared with the previous reports, most of the sampling sites in Le 
n River displayed lower contents of sediments of 2005 because several historical 

upstream and downstream heavy metal sources disappeared or became unimportant. 
. . . . . . . 

hi~:rep~rt desc~ibes findings from a $ockeye salmon Onc:ortiyrtGhtls nerka .radio 
eIE,Jmetry ar,td spawning habitat s,tudy condupted in the t:.ake Ctarkwatershect:rn26oo 
nd 2001. The p~f!11afY objectives ofthis research were 1l to locate and map au m8i~f' 
pawning aggregations ~)to determine basic; ch~racteristics of spawning habitats; arr,cf S) 
o determine the 'distribution of private la,nd use,s0

and subsistencelsport,use loe"atiqns Jn 
ela~fon to satmonspa'v\(ning<habitats .. Thir!Y:five $pl:iwnil"Ig areas were identified. 

Eigtiteen areas were newly id~ntified.Most tal<'e Clafk s~k~ye salmon sPalJVn :in the 
lika.kita River, l§ijik \A(atershe€1 and .~long beaches .. of L;:ak:e Clari: and Uttle L,ake Clark. 
arpr:isingl~: over 60% of radio tagged salmon spawned in. t~rbid glacial waiers; 
owever, the timing of ~p~wning activiw in turbid l"l~bitats coincidtrd with a: dramatic 
ecrease.in the c~nceotratioo ofsuspeoded sedim~nt and turbidity. Wa1,Etr quaHty. 

parameters werevattwitffin ,acceptable range for freS:h\(\(ater SfJUBtiC lif~. Subsisten~e 
1sh!ng for J1ligratiog seek.eye salmon occurs throughout .Lake Clark mtar seasqnal and 
ear-round ~esidence~. Residents of No~datton harvest rec:t fish (spawning sockeye ... · ,< 
alfr!or\) from spawnil'lg are<?s: Sport Jlan?est occurs at.th~outlet of Lake Clark, the··out!et . . ., .. '; ,. . 

None 

he s~ope ofthls report is limited tp assessment an~analysis .of chemic~! rea9tfohs 
elated todri.Hing and s~ismic surveys th.at havetM potentiattoimpa:ctwater resoutces. 

In general, .. contamination, of. s1.1rface wa:ter ma~ occtJI' through: .fuel spills .from driUsand 
ater pumps; surface discharge of cfritlinQ fluids, breakdown products of drHling 
~e,:micals, chemical reactions with drill ~uttings, ,~nd amm<>,ni~ from ~eisrnic charges. 
Ont~rnination. of groundwater may <Jccur through: .. introduction. of grout,·· clay, fuel, .and 
rilling ad'!itives into h.oles and well?; improper closure of drill holes, particularly in 

~ " . ~ ~ ,~ . 
None 

None 
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he wolf management report for northern Bristol Bay (pp. 118-125) indicates wolves are 
ommon throughout the region, though historic and current abundance remains 

undocumented. The Nushagak and Mulchatna drainages support the highest densities 
in the area. Trapper reports and other observations suggest a stable population during 
he reporting period. Wolf population estimates are provided based on trapper 
uestionnaires, incidental observations during moose and caribou surveys, and harvest 

he bfown bea: nian merit report tor northern BrisfQI Say is on pages 175 ,. 1(36. 
Brown ~E!ars are . . as common throughoutthe area: and. particular:ly a{?undant 
torig satm~n ~pawniryg are~s in the ~ushagak, Mulchatna, Togiak, and ~ulukak 
ra!nages as well as thrpljghout the WOQd River/TrkchJk bakes. Hunting in.the r~ion 
as increased since the ~id 1§;)90s, and pr~ssure is highest ~long the Nushagak River 
nd Mulchafna R:i~er drainages and in.the mountains surrounding .the WOod 

River/Ti~chJk bakes •.. Nonrestdents aqqou~t for .1he rn~jerity of brown b~ar lial'Vest: 
Human. activities in villages in the area frequef)tly attract brown bei:irs including ppen 
lctr1dfiUs,residential gatbage,dogfood, and fish-~iYing racks: Habita,tin the region fs 
escribed as virtuatly t1~attered and in. ex~eUent concHtion. TI)e report irfdicates 

pr:opQst~d de'1'elopment of the Pebb:I~ copper.and gold. rnfne: has the possfbflity of 
'•" . . 

he caribou management reports for Bristol Bay (Mulchatna caribou herd) and the 
northern Alaska Peninsula (Northern Alaska Peninsula caribou herd) are on pages 14-
2. They describe the historical abundance of both herds based on observations and 

aerial surveys. The Mulchatna herd probably peaked in abundance in 1996 at 200,000 
animals. The 2006 estimate was 45,000 animals. Range increased and changed after 
herd size peaked from the north and west side of lliamna Lake to the Kuskokwim River 
or wintering. Calving areas have changed as well, from the upper reaches of the 
Mulchatna River and the Bonanza Hills to the Mosquito River and Harris Creek 
rainages north of Koliganek. A possible reason for the changing range is an 
xceedance of carrying capacity in former wintering areas, and extensive trampling and 
razing in summer areas. Population size and harvest statistics are listed for both 

herds. The Northern Alaska Peninsula caribou herd (NPACH) is currently in decline, of 
oncern to ADFG. Population counts ranged from 15,000 to 19,000. The herd winters 

between the Naknek and Alagnak Rivers. The NPACH has been designated a . . . . . 

he purpoS"e~of tl1e's,t~dy was to obtain. ctJrr:ent estim~tes ofthe ecenomic .co,ntribatton 
f sportfishing a~tivitles to the Alaska economy arfd 'develop a co~sister:it method for ·· 

produ~ing suches,Umate,s on are§llfar basis ... Sp<!lfitiShingis1mportant,to ~lask~'s 
conomyan~ ot,tlture, Ttre 1,1ast majority of sportfisbing.tak~s place t(rthe soutnc~ntml 
egion o:fAlaska,whichlt;lch.Jdes BristoLBay; $989 million were spent_in 4007 in tfie 
outhc~ntr:al regi.on, 11,535 jot>s.were:supl{orted by the industry, and.$91 .. • milliop were 
enerated in state and focal taxes: . E}cpenditures are analyzed. A~out half Df . ~ . 
he furbearer management report for the Bristol Bay Region is on pages 197-217. It 
escribes trapping as an important part of the culture and economy of the residents of 
he region, and a primary source of income prior to the growth of the commercial fishing 
industry. Beaver were historically the most important furbearer in the area, but beaver 
rapping effort dropped as commercial salmon prices rose. Other furbearers commonly 
rapped in the region include red fox and land otter. Lynx, wolverines, marten, mink, 

and coyotes are also trapped, though less commonly. Beaver, otter, red fox, and 
olverine populations are reported as stable. Lynx populations are reported as low. No 
ata were available to assess coyote, marten, mink, or weasel population trends. . . . . . . 
rn~p dep1~tin~ wtiite:rb.adies, ill' t~Er US~S Naknek quackangle in Which anaqromous 

1sh presence h~~f)een f!Jocum~ote:d {presente.indicated.by Mid blue). Updated 
ersions ofthis map may be ot>tained from: 
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he black bear management report for Bristol Bay may be found on pages 199-207 of 
his report. Little is known about black bears in the region, though the greatest densities 

are suspected to occur in the upper Mulchatna and Nushagak rivers along the 
Chichitnok River. Nonresidents account for the majority of reported black bear harvest. 
Black bear habitat in the region is described as virtually unaltered and in excellent 
ondition. Harvest statistics are listed at the end of the report. Similar documents 

. h·~ moose marfaga~ent re~ort for the Bristol Say regif!nrriay be found on .. flage5·.24e­
~8. It desc~bes mof;>se as relatively riew Inhabitants to th~ regio~, w{th increasing 

popufations during .tl'le fast three decades. ft in<;t.icates, ... ~ooseare c<;>rnmon along the 
Nushagak1M.1Jlchatn,a rivers and all oftheif major tribut~ries as well as the Wood~Tikchlk 
lakes area~ . Populafien trends have been. in~reasing dramaticaffy in recent years despite 
increased preda,tionby wol\Les anfil bears and 11igharh~Nest tevels. Harvest:statis~rcs 
re listed at .the end of the report. Similar documents produced in previcms years may . ,,,, ,. , , ,,, ,, ,,,, ,' ,,, ,, 

map depicting water bodies in the USGS Dillingham quadrangle in which anadromous 
ish presence has been documented (presence indicated by bold blue). Updated 

versions of this map may be obtained from: 
map ~epicttrrg water b~~ies in the US.P$ fllaritrra quadrangle in ~hich ana~romous 

1sh prese~ce has been docµrnente~ (f!;>resence indic@ted by 0,9ICI tllue}. Updated 
ersions of this map r:riay be obtained t~m: 
map depicting water bodies in the USGS Lake Clark quadrangle in which anadromous 

ish presence has been documented (presence indicated by bold blue). Updated 
versions of this map may be obtained from: 

table with sport fish Harvest in soutMentr:aJ AJasJ<a (inch.:1i;ffng ·anstol Say) H~ted by 
.pecles to,rsalmon, residentfi~h, as.well a,s smelt .• haHbut,snart<, rockfish,lingcoo, 

Paf(ifl;Y coa, r:azor cf ams, and otper fish. May be e>;btafned. from the AOFG Websj!e: 
DFG news release describing the 2010 Bristol Bay Salmon season. The run was 
stimated at 40.19 million fish, with a preliminary catch estimate of 29 million sockeye 

ranking 17th and 11th, respectively, since statehood. The inshore run was 6% above 
he annual 20-year average (1990-2009) of 37 .97 million, and 1 % higher than 
orecasted. The Naknek-Kvichak District harvested 10.66 million fish, 28% higher than 
orecast, while the Nushagak District harvested 8.3 million sockeye making it the second 
largest harvest in the history of that district. Other salmon harvest numbers are included 
or Bristol Bay: 31,400 Chinook, 1.09 million chum, 104,000 coho, and 1.34 million pink 
almon for an overall harvest of approximately 31 million fish. The ex-vessel value of 
he 2010 fishery is calculated as $153, 115,042. Additional details regarding allocation . . . . . . . 
~is doat.ime,nt inctud~;>4Q .. ma,ps outlining land designations andhabitafare'as in B.ristol 
ay .for marine invertebrate gatn~rlflf;J, .:watertowLtrappin.Q, salmon,.freshwater fish, 

marine mammal~, caribou, g~ese, ~hore~iros, :gulls arid terns, e'agles,Stellar's eiders, 
rown b~ars, anGt swans for each community'. 

his document describes lure restrictions for rainbow trout and lists catch-and-release 
and fly-fishing only areas in Southwest Alaska. It includes a map detailing fishing 
restrictions. 
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None 

Pages 34-39 contain information specific to Western Alaska's shorebirds, listing priority 
horebird species that commonly breed, stage during migration, or winter in the area 

(Table 5). The region overall hosts over 30 species of breeding shorebirds. Priority 
onservation issues and actions are outlined, as are threats from climate change, and 
horebird hunting and collecting. This document and previous versions may be 
btained from the following website: 

http://alaska.fws.gov/mbsp/mbm/shorebirds/plans.htm. 

None 
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None Yes 

None Yes 

None Yes 
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he arti:Cle docunients qistnbut.ion arrd relative numbers of 32 species of pelagic birds 
bServed in Bristol Bay: eight Arctic loon:s .and three adGlitional loons, fulmars, 
hearwaters, storm:petrals, cormorants, ducks {includiAg.Harle'qu;in ducks), eiders, 
· coters, tumstones, sandpipers, ph&laropes, guff$, terns, and alcids (lncfudf:ng rt'arbleq 
murrelets.and·puffins). Distribution maps.based on transect surveys sre included.Jn the 

rticJe. 

None 
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None 

;GJ(jresses the impacts of roads to salmonid ri.vers in .. l'leadwa:tetstniams. 

he article highlights the importance of habitat diversity of Bristol Bay sockeye salmon 
o local adaptation. 

None 

dichotomous taxonomic key to fishes of the Kvichak including 22 known species 
aptured by seining, gill netting, trawling, angling, tow netting, and rotenoning. 

None 

alrus foraging marks are mapped indicating high, medium, and low use areas of 
Bristol Bay by walrus. 
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he report COl1CIUdeS .tflat brown b~a~ extensi~ely lJSe. the salmon streams of ttre are~, 
ndthaftheh11lsaroum~ th~ore body.are .used as some.of the only denning habttat 
long the f1,0rttivvesi $ide of IHamna Lake, Harvest data indicate tfiat hunters. use the 
rea, around the propo5:ed mine to hunt bears, Moose surveys indicate tow de~s:itfes in 
he vi~infty of the prop~~ed mine, aithough ~arvestt:tata rndicate s.ubstantial moose 
untlng effof't. Trapping. data Indicate that the areaarm.md theproi:>,ose:d mine.Js 

P"articuJarly popular for f)eraver, lynx, otter, vvolf, and w:olverine harvest. 

his report is one of very few that provide baseline habitat data in the Bristol Bay 
rainage area. Kijik Lake is outside of the area that would be directly impacted by 

mineral development, though the spawning salmon populations migrate through the 
project area to reach spawning beds in Kijik lake. 

n~ webst~ summarizes mar~ne 'mammarr~search conducte<:f by the Bristol Bay Native 
ssqciation. It documents beluga whale movement In both the Nushaga!< and Kvi.cnak 

River~ aswe(I as .~ris,tol Bay on several sampling occa~ions in 200S:and 2009. Walrus 
ubsiste~ce harvest guidelines are outtined .for8ristol Bay·•• .A narvest monitoring 
rogram is .. describect :Additional infprmation can be found atthe, foflowingwebslte: 

he report documents sockeye and coho salmon as well as rainbow trout, Dolly Varden, 
retie grayling, threespine and ninespine stickleback, northern pike and slimy sculpin in 

Upper Talarik Creek, the South Fork Koktuli River, and the North Fork Koktuli River in 
he vicinity of the copper deposit. Chinook salmon and burbot are also documented in 
he South Fork Koktuli River, and Chinook, chum, least cisco and humpback whitefish 

are documented in the North Fork Koktuli River. Only resident fish species are 
ocumented in the Chulitna River drainage, including Dolly Varden, Arctic grayling, 

pygmy whitefish, longnose sucker, ninespine stickleback, and slimy sculpin. Slimy 
culpin were the most abundant and widely distributed fish species in the region, 
allowed by Dolly Varden. Spawning sockeye and their carcasses are documented in 
Upper Talarik Creek downstream of the North Fork confluence in general agreement 

ith the State of Alaska's Anadromous Waters Catalog (AWC). Coho were found 
hroughout the Upper Talarik and North Fork Koktuli River, in extension of their 
istribution shown in the AWC at that time, and the author states that 'it is strongly . . 
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None Yes 
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None 

None 

he Alagnak River in the Kvichak drainage is generally accessed by floatplanes from 
King Salmon or area lodges. This report documents the number of anglers in both 
boats and rafts on four reaches of the river from June through August. Angling was 
most common in the lower river, with as many as 110 anglers per day. 
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M ·National fi',ark Servtce So~thwest J{fask.a Network {SWAN) Inventory and (\A0nitorin9 
Program reportprovtde the mo~t co.rnprehensive small mammal data for th.e region: . .. · 

he area. may be difectly Jmpected.in the future as state mineral claims extend intf.l,the 
huntna River watershed which drains to t:at<ept~rk: Many of the species inventoriefJ 

in this report have ranges which may extend into th.e area. 

None 

he b'asic features of s'tream ecosystem structure a:n~Vattous functional ecologi<;al 
qmponents and their i~te:rretati.c,mships are defined !or S"ome representative streams .. 
he artieJe.focus,es pn two.general functions of running waters: ·the.efftcientconversioh ·· 
f organic.matter, especially partjc~tates7 to C02 and .. the ·maintenance of~ minor role 

played py in-stream, plant grpwth: The article ends with a plea to in~orporate the 'new 
tream ecology' into .management strateg.ies Glireoted at freshwater. resources, 

None 

None 
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None 

tetlar's .• Erders ate listed as threatene~ •under provisions of the us 8:i'fdangere{j Species 
~t ... Th~ artict~ineicates th~t Stellar's eiders occur in Alaska near heacnands. and i~ 
stt1aries, from Nuntvak lsfand and the ¥uk()n-:K,uskokwlm Delta to the southern 1'.lask'a 

Peninswla in the State of Alaska (including Briital Ba)'). 

Maps of survey sites and tables documenting waterbird and mammal observations are 
appended to the report. Earlier versions of this report may be obtained from the 
USFWS website: http://alaska.fws.gov/mbsp/mbm/reports.htm. 

None 

Oescrit>as the water ssur9e f~r Cfarl<'s Point as spring ... fed wells: ·water. is treat~d wit~ 
hloripe and. flouride. Corn~ercial fishing forms the econor,nlc base for .the comm1..mity. 

Fish and salmon s11t>s~stenee activities arecrucialt~ the liveliho,od ()f resid~ntS. 
Loc,atron,~Urnate, hf~t<?ry, culture, demographics, .. fa~iliti~. other utilities, schools,ttealth 
are, economy, transportation, organizations with local offi~es, and regional 
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Describes the water source for Dillingham as three deep wells. Water is treated and 
piped to 40% of the community. The remaining 60% use individual wells. Commercial 
ishing, fish processing and storage, and other support for the fishing industry forms the 
conomic base for the community. Fish and wildlife subsistence activities are crucial to 
he livelihood of residents. Location, climate, history, culture, demographics, facilities, 
ther utilities, schools, health care, economy, transportation, organizations with local 

D.escl?ibes watefs~urces of individuals as welf.S, Of surface water from a nearby 
nnamedfake. Ek'.uk was formerly home fo afisl1 i:rack.ing compa,ny'. L:oeation,cflr)1ate, 
isfory, ct:Jlture, demogr<:'Pn,ics, facilities, .. otherutilities, schools, l:ieatthc,are,economy, 
ransportation, organizations with local offices, am:tregion~I organi2ationsareafso 
Describes the water source for Ekwok as primarily individual wells. Fish and wildlife 
ubsistence activities are crucial to the livelihood of residents as most residents are not 

interested in participating in a cash economy. A handful of residents fish commercially, 
and the village corporation owns a fishing lodge. Location, climate, history, culture, 
emographics, facilities, other utilities, schools, health care, economy, transportation, 
rganizations with local offices, and regional organizations are also described. May be 

DE1tscril1e,s the w~ter sQurc~ tor lgiugi£1 as the Kvichal< River due to inadequate 
roundwater s~ppli~s. Should miQing commence, the risk of drin~iRf}water 
ontamination ·of the Kvicha~ River exists. <Resid~ntsdepef1d <:>nthe.commereiat 
alr)1on fi~hery as .weff as fisft and witdlif~ subsistence acttvitte~. Trophy rainf>ow trout 
ttractsp©rt fishermen to the area,. andsewn comrnerciaJJodges operate in lgiugig, 
erving sport fishermen an~ hunte~ ..... Location, climate •• •history, culture •. demograpnlcs, 
acmties .•.. other utilities, schools, health .care, economy, transportation, organ:i .. zations with" 

,. ,,, , . "' ,,, . , ,,,,,, ,,,,~ 

Describes water sources for lliamna as individual wells. Commercial fishing, sport 
ishing and tourism are listed as major sources of income for the community. 

Subsistence hunting and fishing is also an important source of livelihood for the 
ommunity. Also describes location, climate, history, culture, demographics, facilities, 

utilities, schools, health care, economy, transportation, organizations with local offices, 

Describes water sources for King SatmQn asprimarily shallow individual well~~ and a 
mall.communityWell for FAA ttous,ing. Commercial fishing; is.important to the King 
almon Economy, as is tourism given Jts proximity to ~atmai National Park and 

Prese~e: .Sportfish,ing is alsopopularin the ~re.a. Location, climate,. history, culh.1r~. 
emograpl'lics, facilities, ?ther utflttie~, sch.oats, health care, economy, transportation, 
rganizationswith lo~aLoffices, and regional organizations are also.described .. May be 

Describes water sources for Kokhanok as a piped water system as well as a separate 
ell and treatment facility for the local school. Commercial fishing is an important, if 
eclining economic base in the community. Most residents rely heavily on fish and 
ildlife subsistence. Also describes location, climate, history, culture, demographics, 

acilities, utilities, schools, health care, economy, transportation, organizations with local 
ffices, and regional organizations. May be obtained from DCRA website: 

Descrijjes water source for l.::evefock as indMdual wells. Commercial fishin.g, fish 
r;>rocessing: ana storage form the ec:orromic base for the co(nmunlty. Fish and WildHfe 
ubs.fstence ac~~ities a~e crucial to ttie Uvelihooct Of restpents. Loc~tion, climate, 
{story, culture, demographics, facifitles, other utlltties, schools,;health ~are,.economy, 
ransportation, organi~ations witf\.loc?I offices, and regionalorgat:iizations are also 
Describes Naknek's water source as primarily individual wells. Commercial fishing and 
processing are central to the economy of the village. Government is another source of 

mployment in the village. Location, climate, history, culture, demographics, facilities, 
ther utilities, schools, health care, economy, transportation, organizations with local 
ffices, and regional organizations are also described. May be obtained from DCRA 

Describes. water source for New Stuyah()~ as tre;8,ted · dofT!m~nify '!ifellw~ter; The 
almon fishery forms.the. ecoriomic base for the commu~ity .. Fish and wildtife, 
ubsistence activitiesa~e crucial t~:the .. livelihood of resitlents. l.ocation, .clir)1ate, 
istory, culture,idemographics,facilfties, .other utilities, Schools,. healfh~care, economy, 

ransportatioi=i, organiiatfons with local offices, and regional organizations :are also 
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Describes water sources for Newhalen as treated water derived from a community well. 
Commercial fishing and sport fishing for trophy rainbow trout provide economic 

pportunities in Newhalen. Residents also depend on fish and wildlife to support their 
ubsistence lifestyle. Also describes location, climate, history, culture, demographics, 
acilities, utilities, schools, health care, economy, transportation, organizations with local 

r:>es'crines Water sQurces for (\Jondatton as. treated surface water from .. Six:.Mife ~i;tke. 
ommerci~lfish1ngand sub~istence hunting are primary sourceso.flivelihoocf in fhe 
iltage. Also (fescnbes location,.· oljrpate, ~.istory1 ~utture, t!emographics, .faciliti~s. 
trtities, scfto()IS, health care, economy, transportation, SrrJanizattons with focal. offices, 
nd regional organi~ation~, May .be obtained tr,omDC.RA website.: 

Describes water sources for Pedro Bay as individual wells or surface water from lliamna 
Lake. Employment consists largely of commercial fishing and tourism services. 
Subsistence hunting and fishing is also an important source of livelihood. Also 
escribes location, climate, history, culture, demographics, facilities, utilities, schools, 

health care, economy, transportation, organizations with local offices, and regional 

9es.cribes water sources for Port Alsworth as individual,w.eus or haulect w(iter from 
earby surfacewatersovrces. The economic b~s:e, of PortAlsw()rth relfes on lodg~s 
nd outfitterstguitfesforsummer recreatron,.aswelfasHrpiteGl.commercial fisl:llng. Also 
e~cripes location, climate, .history, culture, demographic~, facilities, utiHties, schools, 
ealt~ care, economy, transportati~n, organiza~ionswith.tocal offices, and regional 

Describes water sources for Portage Creek as hauled from downriver (Portage Creek). 
Residents depend on fish and wildlife subsistence activities, and a lodge operates 
uring the summer. Location, climate, history, culture, demographics, facilities, other 

utilities, schools, health care, economy, transportation, organizations with local offices, 
and regional organizations are also described. May be obtained from DCRA website: 

Describes .South Naknek's w~ter source as ptimanlyfm:.lividu~t wells (surface or 
round"'{aterare not indicated), ahd sorpepipe~ \«tater. Commerciatfishingana 

processing are centr~I to tfie economy of the village; and re~idents depend on 
ub~istenoehlif:J.flrr~ an~:fishing. Location1 climate,. history, C!;!fture, derpographtcs., 
acilfties, o~et uttlities, schools, ttealth car{7, economy, transp9rtation, organizatiopcs with 
local.offices., and regional organizations are also described. May .tte obtained .from 

None 
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he stoCly was conducted in the Pedro Pend complex, a group ofponds collnected to 
he east end. of IUamna Lake near th~ village of Pedro Bay. 

None 

he article reviews data on mining waste generated from active and inactive mining 
ites in the western U.S. The review revealed that in nine states over 2,500 miles of 
urface waterways were impacted by AMO. Of this total area, approximately 85 percent 
as attributed to copper, iron ore, uranium, and phosphate mining activities. 
pproximately one-half of the waste generated was mining rock waste and one-third 
as tailings, with the balance consisting of dump/heap leaching wastes and mine water. 
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imifar docµrn~ntsproduced Jn previous years "rrt~Y be o.btatne'd from tt:ieADFS 
ebsite: 11ttp:ttwww .adfg .state,ak:us/pubs/dept_pubUcations:php; 

None 

he paper describes the Kvichak River system as the largest producer of sockeye 
almon in Alaska, as well as the history of the Bristol Bay fishing industry and the 
ockeye runs. Population dynamics of the fishery are modeled, and management 

alternatives are discussed based on the results. 
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l:)e article aese.ribes fhe Yukort~Kuskokwim O~lta and ttle. Bristol Bay Lowlands as. the 
WO· mo~t important breeding. are:a~ for greater V,Vhite~fronted ij0ese in th~· Pa~ffjc. Flyway. 
he.w,orkw~S. sfimu,lated by population declines. of fftose geese. It. incl.uetes a: map 
ocumenflng autumn mimratiOf'l and wintering areas. 

None 

None 
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he Al~ska Fishery Resegrcn Bulletin. may .be obtained at the foff.~wing website: 
ttp:/lwww .adfg .. state:ak:ustpuQstafu/afrbhome,php; 

he report includes a map of areas used by Manokotak hunters to harvest moose and 
marine mammals, and documents edible weight of subsistence for Manokotak and 
Dillingham at 2006 and 715 pounds, respectively. Mean household harvest is 
ocumented for 19 Bristol Bay communities for salmon, other fish, marine invertebrates 

(butter and razor clams), land mammals, marine mammals, furbearers, birds and eggs, 
and plants. Response to growing hunting pressure by recreational hunters is discussed. 

imilar reports fo,r previous )7ears may f)e qbtained f(om the ADt=e website: 
ttp://www.adfg.state;ak.us/pubs/de:pt_publications.pfip: 
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his report briefly describes the subsistence fisheries of the Bristol Bay Management 
rea, with a primary focus on the salmon fisheries. It is based on information gathered 

hrough the department's subsistence salmon permit system and from research 
onducted by the Division of Subsistence. The population, communities and cash 
conomy of the region are described. General harvests in Bristol Bay are described as 

amongst the largest in the state and include salmon (51 % of the harvest), land 
mammals (mostly moose and caribou, 31%), non-salmon fish (10%), and other 
resources such as marine mammals, birds and eggs, marine invertebrates, and wild 
plants (8% ). The average annual value of the average household subsistence in the 
region is estimated at $7, 195 overall, and $11,420 in village households in a reg ion with 
average annual income of $13, 154. Subsistence regulations are described and 
ubsistence permit use is characterized. Results indicate subsistence salmon harvest 

has declined more than half in the last two decades, primarily in the Nushagak and 
Naknek/Kvichak districts as the result of lower average catches rather than less . . . . 

ri~tol Bay subsiste,r\ce is oescribe;d in J}ages 63-,7 4. R~gutat,ions are discussed, and 
uo~i~!ence harvests are estimated at 124,679 fi:sh for ~007, the majority of .wtiictiw~re 
ock~ye salmon{80~o }; . Subsistem~e harvest is broken down by region. Subsistence 

.or non.;salmon fish are .arsodescribe,d. incl\.l~irrgJfalibut, Afaska blacldish, burbot,Arctic 
rayUng; Arctic ctlar, Dotly Varden, lake trout, l~ngn,ose suckers, raiobow smeft, 
ainbow/steelhead trout, herring., northern f)ike, anti whitefish •. Similar reports for 

previous years can be obtaine;d from the AOFG website: . 

nalysis for Port Alsworth, Nondalton, lliamna, and Newhalen. Kvichak River sockeye 
almon comprise the largest subsistence harvest in Bristol Bay, but are listed as a 

"stock of management concern" due to the stock's chronic inability to meet escapement 
oals. The study indicates that poor returns were a factor responsible for steadily 
eclining harvest since the 1960s. Declining returns are of great concern to residents. 

Subsistence harvest between the four communities has ranged from about 30,000 to 
nearly 90,000 sockeye salmon since 1963, comprising from 44% to 89% of the total 
ubsistence harvest. The report includes maps of subsistence fish camps and harvest 

locations on lliamna Lake, Sixmile Lake, Lake Clark, and the Newhalen River. Fishing 
and processing is described and illustrated. Kinship relations between subsistence 
ishers as well as distribution of fish about the village are described using case studies. 

inter fishing and non-salmon fishing are also discussed briefly. Declining populations 
f caribou and moose are discussed as an explanation for higher harvest goals for 
almon in recent years. Increased fuel costs are a major concern in the region and also 

may increase subsistence harvest goals as the cost of shipping store-bought foods 
increases accordingly. Cultural and social values of subsistence are explored. The 

None 
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None 

None 

he reportdesc,nbes the hi~h-:seas d{stnbqti?~;. migrations and identification of major 
tocks ofsock~ye s:a,.lmon togettierwith the r~lati0nsl:tip °,ftlistributiontothe 
nvironment A .brief aiseussion of the life history of~ockeye sa,lmon and of the 

.. pawn,tng stocks is provi9edas bac\(groun!J Jflformatfon. The r~.port conctudf3S With a 
ection .de!aHing ttie distributio~ and hypothetical ·models bf migration pf sfocksof 
ockeye salmon of Asia .and North America;, Pag~ 4 inch.1des •a· map representing 

locatio~s of impo~n.tsockeye sarr:ion r,iyer systems .a~d average annual c<,>mmereiaL 
atch of sockeye. salmon.in important coast and high seas fi~hingareas, 1.g.e,1-1974. . .. " " ,,,,,. ,,.,,',, 

he report describes property and ownership of the Pebble Copper-Gold-Molybedenum 
Project, as well as site geology and exploration. Exploration drilling is described in the 
area, and mineral resource estimates are provided as: 5.94 billion tonnes of 'Measured 
and Indicated Mineral Resources' grading 0.78% CuEQ, containing 55 billion pounds of 
opper, 67 million ounces of gold, and 3.3 billion pounds of molybdenum; and 4.84 

billion tonnes of Inferred Mineral Resrouces grading 0.53% CuEQ, containing 25.6 
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ln, .. H!lhtofthe crisis of.salmon declines in the. Pacific. Nortnwest ~n(:J the bllHons Qfdolfars 
pent unsucce~sfuUy t()resfore tl1em, the a.t1thors. reyi~w the g.row,ing l:)ody of literature 
x:ar(lining the importance of s~tmon derived nutrientsubs,idies to·both fresh\;Vaterand 
iparian :communiti~s. The Bifstot E)ay region rs used to mustrate the magnitude of 
utrients i1,'11ported from the oceani.as much a:~ 5A x 1 ?7 kg of N,itrogen, 2. 7 x t05 kg of 
a, .. plus othermacroelements fora run of 20 million socke)'e:. · fhose .nutrienfs cUsperse 
s far upsfr~am in fresnwater a~ suitable habit~t is accessible, extendins the interfac~ 
e~ee!! ocean and lancl.. A multitu~e of species ititeractwitl"l a~d benefit fromthos~ 
~trients including pears, insects, bitds, benthos, zoopfankfon, and riparian vegetation. 
a.lmon-'derived nutrients !~crease lake pr(>ductivity, ma~roinvertebr,ate, growth~. and 

·Hvenfte. salmon growth theret>y incre~sing ~neir survi~aL Birds associated wtth riparian 
aj)itat are found in pre.ater densities on salmor streariis ... The c:afl'fing ca(Jacityof 
e,ars inc~eases·vastlr wheresa.lmon areavailab!e. Fitness-related variable~, including 
r~\llfth rates, Htter size~, an,dreproducti\1e s,uccess, have been :attrit>oted to salm?n 
vallability for salmQn consumers such as.eagleS:, .bears, and mustelids, high lighting th~ 
im~ortahce of S'alm?n t.o tlieir popuJ~tion dynamics:. M~m<r9ement implicatio~~ of 

None 

herep~documellts taggirrg·undertaken i~1922 to.determine spawnlnggrounds of: 
he impor'ta!lt $Ockeye salnion fisl'lery .in wtrat \;Vasknown at the tinie as ttie Afaska .· .. 
P6:rii~sula Fis.l)eries Reservation. Sockeye tagged and released at un,ga Jsl~na, of.the 

umcrgin Island Qroup, ari(:I port Moller :are ctocumen:ted for the first tirn~ returning to 
olverine harvest density is high in the Bristol Bay region relative to much of Alaska as 

indicated in Figure 3. 

None 
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he article includes figures and data regarding salmon-derived nitrogen in nursery lakes 
in Bristol Bay dating back to A.O. 1700 as well as annual catch of western Alaska 
ockeye salmon. 

None 

P~r;>ulmi~o.forBristot Bay toon~ ar~ as follows; 1.,998 (:t520) re"d,,throated loons (G~ 
tef(ata),1i275(±281J Racific loons (G.pacifioa},and 920 {±289}comm,on loons{G. 

mmer) •. Relative abundance of loons among proauction areas in ~laska are presented 
in Figure.2, and population trends from 1972 through 1992 are presented in Figure 3.. 
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None 

outpwest Alaska an<~ the Arcti~.:Yl1kon.:Kuskokwim Delta are consfdere,cf together for 
he purpos:s. of t11is .report,• which provides a .profile of sport anglers, .the economic 
ighificance of ~l?ort fisbing, and the net economic \f.31Ye to the state. It Usts.Bristol 

Bay's N,aknek .R.iver a:s Alaska's 9th. mostpopufar sport fishing si~e. 
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None 

Ncine 
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Lake lliamna seals are referred to as one of only two populations of harbor seals in the 
orld that reside solely in freshwater without exploiting the marine environment. It 

indicates that they exhibit no regular movement up or down the river. 

D~scl'ipttons of the mineral occurrences in tfte rnamna quadra,ngle as part of a stateWjde 
taskci daiabase.on.mines, prospects and mineral occurrences throughout Alaska. 

None 

None 

he author hypothesizes that the good biological track record for Bristol Bay arises from 
our factors: (1) a clear objective of maximum sustainable yield; (2) the escapement­
oal system, which assures maintenance of the biological productive capacity; (3) 

management by a single agency with clear objectives and direct line responsibility; and 
(4) good luck in the form of lack of habitat loss and good ocean conditions since the late 
1970s. Catch and spawner-recruit data are presented for the area, as are landed 
values for some of the fisheries. The author hypothesizes that the economic failure of 
he Bristol Bay fishery is due to the converse of the factors leading to biological success: . . . . . 
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None 

!though the study area would not be directly impacted by mine development, a great 
eal of tundra ponds, similar in nature exist close to the proposed development. 

Distrifjufton ef tfle Mulc~atmi, Nushapak Peoinst11a, ~n,d Nori~ern Afa~k~ Penlrrsufa 
aribou. herds are ith:Jstrat~d in Figure 1 '.. · P0putatfor1 dyrram,ics o! the Mulcliafna caribo~ 
~rd are discussed, indica~ingthatin, 19:1:>6, theherd was',fhe's~cond t~rgestin Alaska at 
00,000 anirn~l~ .. · .. Ran§1e changes of tli:e he~d .are mapped in Figure 2, Caribou wer,e 
eintr()duced to the Nushagak Peninsula in 1988 and their population quickly expanded 
o over 100'0 animals, 
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his article has implications for fisheries in that the species analyzed serve as important 
orage items for fish. Climate change may reduce forage densities and size. 

ubs1steric~ hunting loi caribpll, moose? bears, and sheep are d~5,Cribed as eXtremely 
t>mn,:io~ in.1 a Bristol Bay cor:nmuni~ies w,here suf'Veys were conducted. 41 % Qf, 
ouseholcts t{unted moose, cind. 37% hunted caribou,and .the vast majority of.all 
ous~hOJds use"d moose and c:aribou{73;J!I.%. and S.1 '.1 %,· respectively) .. Harvest arrd 
se of J:)e,ars andOaU she.ep is refat!vely low, .. H8,rvest qt farge mamn,:ials lo u~able 

po~l'Yds ranged from 16 pounds per/person in .Port Alswortftt? 369 po4nds per persoFt k1 
Nondalton in.200112002. Harvest data is presented by species and cGmmunity. 

None 
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Nona 

None 

his pape~ expt~res the reason tl1e earth ~uppor:ts so many kinds of organ is.ms. Jt 
ocuses attention on probtems of species<cfiverslty :and community organization that 
aveoceupjed· many theoretical and e(llpir,ical ecologists before and.since lt w:~s/wriffen. 

lt~oncluCles ttl:at taxa containfryg man¥ diversified, species '!Vfli 'evol~e,· morer,e~dtly tl'\an 
n~iversified ta~a,with limits imposed by brainsiz~ ~~d .'niche1 space::the evofution of 
iologi~al communitie~ produces.c,omplex iriter-:relationshipswhich increase the stability 
f ttie, community as a whole; and.thatsmaller orgar;i!sJns,exhibitgr~ater dhtersityttfan 

large ones, and thU!> the evolutionary processes are. cHfferent tor smaHer o.rganisms than 
,. ,, ,. " . ,,. •''• "" 

he article arguably serves as the basis of freshwater biogeochemistry. It is one of the 
irst to discuss streams not as isolated systems, but strongly linked to the valleys that 
hey drain in complex chemical and biological relationships. It describes the influence of 

valley geology as well as vegetation on inorganic chemistry of streams. It discusses the 
importance of water source, valley slope, soil permeability, and terrestrial vegetation 
ranspiration to streamflow, referred to as a prime ecological factor in streams. It further 
escribes organic inputs driving water chemistry and stream foodwebs and freshwater 

Bel'fVeEm 1975 an:d 2008, the sornrilercial FJsherres Entry Commisiarf>(QFEC~ rssued 
1,875 dnft gillnet and 1 ;041 set giHn~t permits. Pern:its f"leld by local Alaskans has 
ropped while i:>,ermits to nonlocal Ala~ltan~ and nonresti;ients tras increased due to 

permit transf~r, permit holder rel~cati~n, and p;ermit~oa;ncetlati<?O. Eamifl~S are 
pre~ented and range from a .. total of$10,529,S39..in 1975to $186,08'5,765 in 1990 for 
he drift gillnet :fishery and $1,039,384 in 1975 to $2&,189,265 in 1988 for the gillnet 

404(c) Bibliography - 01/28/2011 

Yes 

Yes 

Yes 

Page 143 of 

EPA-7609-0000586-0143 



ddresses the impacts of roads to salmon id systems including extirpation of salmon 
resulting from low genetic diversity caused by roads crossing salmonid streams. 

Desorit>es di:Vrng behavior of P~citic walrsus in. e.ristol Bay- Jncludihg foraging. for bivalve 
rnollwscs in the region, 
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port fisl'llng p~rtioJpation ~s broken out by regions ln tables afthe end of the report. 
ril);tol Bay ts Included in soatncentral Alaska for the purpos~s of this rep()rt. 

his catalog is a numerically-ordered list of the water bodies in the Southwest Region of 
laska with documented use by anadromous fish. An associated Atlas to the Catalog of 
ater Important for Spawning shows cartographically the location, name and number of 

ach water body, the anadromous fish species documented using them, and the fish life 
history phases for which the water bodies were documented being used by salmon. 

ater bodies documented receive statutory protection under sections of AS 16.05.871, 
hich requires persons or governmental agencies to submit plans and specifications to 
DFG and receive written approval in the form of a Fish Habitat Permit prior to the 

proposed use, construction or activities that would take place in specified water bodies. . . . . . 
None 

None 
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his arftcli;t is.tre~ueotlyclt~d with regard to ns.n avoidance.of~utverts installed as part 
f.road .construction. 

None 

None 

he report describes wide fluctuations of Bristol Bay sockeye salmon ex-vessel prices 
ince 1975 and salmon harvests. It indicates that that the Bristol Bay salmon fishery 

accounted for 13% of the world salmon supply in 1980 (including wild and farmed 
almon) and 2% of the world salmon supply by 2001. The fishery's value exceeded 
200 million in twelve of seventeen years analyzed. Processing and marketing of 

Bristol Bay salmon is also described. It may be viewed at the following website: 
ww.iser.uaa.alaska.edu/iser/people/knapp. 
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his api)Hca~on was withdrawn atter its submission: It w€ls sub~i~e'd when the ~opper­
'?'~rnolyde,num resource was est!mated at al;)out.ome-fitth the site of the cur:rent 
~stimate. 

his application was withdrawn after its submission. It was submitted when the copper­
old-molydenum resource was estimated at about one-fifth the size of the current 
stimate. 

fie .texfoovers needs and values tor sustainable fisheries, eurr:ent Pacific satmgn stock 
tatus; existing managementof Pacific salmc:n,hab:t~t assessment,. artificiaf (hate,hery 
nd net pen) proouction, modeling approaches to management, habitat protecfion and 
est()ration, .a.nd recommendations. for sustainable management 
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he report presents results of research estimating subsistence harvest of three wildlife 
pecies by residents of twelve communities of the northern Alaska Peninsula (Naknek, 

South Naknek, King Salmon, Egegik, Pilot Point, Ugashik, Port Heiden, Chignik, Chignik 
Lagoon, Chignik Lake, lvanof Bay, and Perryville) in mid-1995 through mid-1997. Data 

ere collected by interviewing residents. Harvest estimates included 2173 caribou 
(mostly from the Northern Alaska Peninsula Herd), 179 moose, and 26 brown bears. 
Information is provided on the timing and sex of the harvests, as well as harvest 
locations. Comments summarizing resident interviews note a scarcity of caribou 
attributed by hunters to changes in migration patterns as well as competition with 
nonlocal hunters for caribou and moose. Most interviews indicated subsistence harvest 
needs were met, with a few important exceptions. Broad harvest patterns are 

iscussed. The report concludes that large land mammal resources provide substantial . . . . 
he report Indicates thatafl househplds In lglugig, tliamna, Kok;hanok, l.eveJock; 

Newhalen~Pedro Bay, and Port Alsworth used fresh~ater fish, asd!d 94:4% of< 
uuseholds in l\londaltQn. Rainbow trottt .ma~eupfhe largest portion of the total 
ons~lmon freshwater fish harvest {3~.9%}, followed by Dolly Varden (26.~%), • n()rthern 

pike (9.9%), lflke trout (S.1%}, A.r,ctrc grayling)7~ 1 %), whitefish (8.3%)~ suckers (4j~'.%)~ 
ainbo\rif smelt.(3.6%),blJtbot·co.4%), and. bfl:Jck fish (:<0.01%): .Gea.rused and timing <:lf 
arvest is evaluated, an'cfnarvests are.cornparedto other years, Tr~ditlorial ecological 

knowleG!ge.interviews des~ribe popular fishif)g sites for e.ach species explofted, ·The 
tudy documents the continued impo(tance of s4bsistence h~rvests of nonsatrnon 
resftwaterfish. in tne communities of the Kvich.ak River watershed •oflhe'Btistol Say 
rea. AdClitional ~tu.Eties forpraviou$ years :nay DEFobtained from the ADFG.website: 

his study reviews the history and accuracy of water quality predictions for major 
hardrock mines in the United States by comparing actual water quality to the predictions 
made in Environmental Impact Statements (EISs) and subsequently identifying common 
auses of water quality impact and prediction failures. In addition, an analysis was 
onducted to determine if there were inherent risk factors at mines that may predispose 

an operation to having water quality problems. Of mines analyzed, 76% had mining­
related water quality exceedances in surface or groundwater. Eighty-nine percent of 
mines with acid drainage predicted low acid drainage potential prior to development. 
Conclusions are provided about the effectiveness of the underlying scientific and 

ngineering principles used to make water quality predictions in EISs. Finally, 
recommendations are made for regulatory, scientific and engineering approaches that 

ould improve the reliability of water quality predictions at hardrock mine sites. The 
ocument may be downloaded at the following website: 

http://www.mineralpolicy.org/publications_welcome.cfm. For the mines in their study 
hat developed acid drainage, almost all either underestimated or ignored the potential . . . . . . . . 
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Ile majority of wot'ld population .of .steHar'seiders .(a species fisted as ttlreatenaa· under 
he US ~ndanpered Species Act} migrates. along the BristoLBay coast of ttte Alaska 
Peninsota in the spring, and cross~s the Bay ..... 't .. is round. in and near, l~goons and 
hoaJs rich irt ben:thJc. invert~brate prey: Maps of Kin,g eider flock distributio~ ~re 

presented in Figu~es 2 thro~gb ~- A .list of otner ~pecies observed during ttte surveys is· 
incltfded.atthe enCi ofthe document. · 

None 
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~though the guide fQcuses on naffariatparks aroUQd Bristol Bay ;as qppose~ ttrareas 
hich would b~ di(ectly impacted by develo:~ment, it is some ofthe only- data avatlable 

egarding shellf{sfl beQ:s. for the region .. Species assemblages in Bristol Bay presumably 
esemble some oftltose described herein. 

he chapter discusses landscape, climate, fishing conditions, access, services, costs, 
as well as fishing highlights for the southwest region. It describes fishing location, 
access, facilities, highlights, and main species for the following southwest Alaska 

aterbodies: Lake lliamna, Kvichak River, Newhalen River, Talarik Creek, Copper 
River (in the eastern Lake lliamna drainage), Gibraltar River, Lake Clark, Tazimina 
River, Naknek Lake and River, Brooks River, Alagnak River system, American Creek, 
Coville-Grosvenor Lakes, Lower Nushagak River, Upper Nushagak, Mulchatna River, 
Chilikradotna River, Koktuli River, Stuyahok River, Nuyakuk River, Wood-Tikchik Lakes, 

ikchik River, Kulukak River, Togiak River system, Becharof Lake system, Ugahsik . . . . . . . 
From the summa~: The article indicates that a biotic community cannot clearly be 

ifferentiated from its abiotic environment, referring to the sum total as an 'ecosystem.' 
Organisms within an ecosystem are grouped into a series of discrete trophic levels, 
ategorized as producers, prima~ consumers, seconda~ consumers, etc., each of 
hich is successively dependent upon the preceding level as a source of energy. 

Producers, however, are directly dependent on solar radiation for energy. The more 
remote an organism is from solar radiation, the less probability it will be dependent 
olely upon the preceding trophic level. Quantitative relationships between trophic 

levels are discussed. The percentage loss of energy due to respiration is progressively 
reater for higher levels in the food cycle. Consumers at higher trophic levels are 

progressively more efficient in the use of their food supply. Productivity and efficiency . . . . . 
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None 

None 

None 

his memorandum documents juvenile sockeye rearing in Frying Pan Lake on the 
South Fork Koktuli as well as juvenile coho above the lake. Juvenile chum salmon are 
also documented in the drainage. 

Oe'Scril>es habitat requi!'em~nfS fotcoho?salrnon tnctudil19 information regar<;lfng flow, 
elocity; substrate, dJsS'olved oxygen, tE:)rnperature, and.other.requJrem~ntf?. 

he report concludes for the first time that Bristol Bay and Alaska have an extremely 
valuable resource in freshwater fish stocks. It indicates that there are suitable 
ommercial stocks of at least Arctic char (6,553 pounds harvested) and whitefish 
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hereportdes,crlbes recreational fishing harvest from 19/'ithrot:igh 19Q7 forsoutnwest 
laska including the Kvictrak and N1'l~fi<rgak Rivers, the formerof whie.h is described as 

he world's largest f)roducer otsockeye ~almpn and >the latter ts descr:ibe<:t as the 
reatest prGCjucer of Chinook, chum, cohp and pink salmon In, .Bristpl Ba}!: Srnelt 
omi.nate therecreationalha(Vest, Hk~ly as a reS:IJlt oUheir a6undaoce, While spckeye, 
hinqok, and coho sa1mon are the most frequ~ntly harve,stect species .. Dolly 
ardenlchar, rainbow trout, and.arctic grayling are taken to a lessere~ent. And lake, 

rout, chum~ sahilo~,Northem pike, whitefish, and bul'bot<are harvest,ed ~t .relatively low 
le"l,els, The value of tfte {eQion's recf~ational fiJ¥hery was estimated at $50 IT1jlfion for 
1 $8'l3: .. The reportalso discusGes ongoing and. complete research and management 

tu<;:lies for the region. ~anag~ment, angler ef1ort;recrea~ioftalharvest, and ·outlo~ks 

None 

imilal' r~ports for previou,~ years' analyse~ ~af1 b;e found an the AOF'G website: 
ttp:llwww:adfgJ>tate.ak,us/pubs7<tept,._putJlicaUons.php. 
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None 

~e ChiQl'lilcRtv~rdr,airis tGthe ~ast c?asfofth~ AfaskaPenlnsula, Th~ article 
ocuments S:4 bird species in .. the .. drainage which ex~.anded the .. documented range of 
his article does not relate directly to Bristol Bay, but highlights the decline of salmon 

populations throughout the Pacific Northwest of the United States. 

None 
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None 

Norie 

None 

Results are provided for specific conductance, pH, water temperature, dissolved 
xygen, alkalinity and hardness, nutrients, major ions and dissolved solids, total and 
issolved trace elements, and low level mercury. Samples were collected from surface 

and groundwater in the immediate vicinity of the deposit, as well as the area proposed 
at the time for the road corridor and port facility. Groundwater is characterized around 
he deposit by low dissolved solids, near neutral pH, average temperature of 4°C, and 
high dissolved oxygen with few exceptions. Surface water quality around the deposit 
enerally met water quality standards for aquatic-life criteria with the exception of 

aluminum and alkalinity. The only noted exceedance to water quality standards in 
roundwater along the road corridor was the pH value from the Newhalen municipal well 
hich was over the criteria of pH 8.5 during both sampling events. Turbidity values also 
xceeded state water quality samples, though results were not considered reliable. . . . 

Indicates the areas~rroudningthede.posft possesses low buffering capacityand high 
potenUaLfor acid. mine drainage. 
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he report documents 9,993 caribou in 2004, ten brown bears, four moose, nine wolves, 
and one wolverine during transect surveys. Nine raptor species and common ravens 

ere recorded in the study area, five of which were confirmed nesting. Twenty-five 
pecies of waterbirds were observed, with ducks as the most abundant group. Forty-six 

bird species were documented, 13 of which are considered conservation priority 
pecies, and ten of which were documented nesting in the study area. Along the 

proposed road corridor, 44 brown bears, one black bear, 14 moose, one coyote, and 
ight river otters were recorded. Harbor seals were documented repeatedly in lniskin 

Bay of Lake lliamna. Swans, geese, loons, gulls, shorebirds, mergansers, and ducks 
ere observed along the proposed road corridor and in the proposed port area. 

None 

he study documents winter fish presence at 39 sample sites in the three tributaries that 
ould be directly impacted by development, all of which contained sections offlowing 
ater during winter months. Salmonids were documented in all three drainages. 

Spawning surveys were conducted in spring for Arctic grayling and rainbow trout, and in 
ummer and fall for salmon. Fish populations were estimated for Frying Pan Lake using 

mark-recapture techniques, fish tissue and index monitoring (water quality and quantity, 
ish, periphyton, macroinvertebrates, and sediment) were conducted at 16 stream and 
wo lake sites. Flow-habitat study sites were established, aquatic habitat was surveyed 
and mapped, fish abundance sampling was conducted as was qualitative abundance 
ampling. Along the road corridor, 120 streams were surveyed for fish, and tissue was 
ollected, though results are not presented. Macroinvertebrate sampling in the entire 
tudy area yielded 139 taxa, higher than what has been encountered in other mine . . . . . 

Bre~il'lQ bir,ds documented in fhe area inCll:lded tu,tte~ puffins, pige()n guifllemots, 
pel~gic cormorants, horf1,~d puffins, glacou~-1AfingeCI g.ulls, double-cre~te'd .co:rmorants, 
nd b?ld eagle,s. Re~ear,cherS also rec?(ded higf) d~n~lties Of H~rlequin" dUckS, Which 

previously were prnposed for listing as ·a threatenedlen,oangersd species. Mammals 
ecord~d consisted. mai~IV ofhamor seals; Marine habitat was afso evaluated usi.ng 
ediment .and infauna sampling~ 

None 
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None 

Describes pfaees fh1f)ortarit l?· area residef1,tS and µs~rs, as weH;a$ critiC:alhabitaftcr key 
plant and animal reso~rces .identified throµgh loca,t e~ological kn:Gw,ledge. The 
infOrmationwaf) combined witt) state and .federal agenc.y d21t~tocreate: maps. · ProbabJe 
hreats to the watershed are identified as commercial ~evetoPO)~nt, community 
evat~pment, recreational subdivisions. mining, roads, and gt~bal cUmat~ ,change. The 

plan O!;ftlin~s the following four strate:gic actions to addre~s those threat&: aqe,quate flow 
~servations in the Nushagak River; vegetation malnfenance to support fish, wifdUfe, 

,,, ,,,,. "' .,, • '',,, , ~ ''l, 

his study researched the basic workings of stream ecosystems and factors controlling 
individual, population, and community productivity in a reach of the Silver Spring River 
in Florida which is heavily influenced by groundwater. Odum characterized the 'biomass 
pyramid,' measuring ecosystem metabolism by calculating primary productivity, 
ommunity productivity, and community respiration. He documented a strong positive 
orrelation between visible light and gross primary production, and concluded that 

Florida's springs have complex and highly adapted ecologies that have maximized the . . . . . . 
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Pages A:-'34 -'A:-109 ~essribe f:mpa<'.t of non-harvest human act(vitesJcf salmon fisheries 
in,eluding mining, roaGi building, dam building, water withdrawal, sedimentation, etc. The 
epC1'rt ~tates that mining Jn waters,riparian areas, or flood ptaJns of streams containing 
r influencing ·salmon spawning and rearing ftanitats, should 1:5e a'\fofded. 

n updated report estimating the Pebble deposit mineral resources comprise: 5.94 
billion tonnes of 'Measured and Indicated Mineral Resources' grading 0.78% CuEQ, 
ontaining 5 billion pounds of copper, 67 million ounces of gold and 3.3 billion pounds of 

molybdenum; and 4.84 billion tonnes of 'Inferred Mineral Resources' grading 0.53% 
CuEQ, containing 25.6 billion pounds of copper, 40.4 million ounces of gold and 2.3 
billion pounds of molybdenum, based on data derived from 509 drill holes in total. At 
he time of this release, depsit estimates increased 17% in resources within higher 

. . . . 
N~oe 

he authors used satellite transmitters to document sandhill crane summer and winter 
movements. Seven transmitters were deployed on Bristol Bay cranes. Figures 1 and 2 
present mapped results of migration activity of all cranes tagged. 

he article ar,gues tnat the natural flqw regime of water plays a critical tol~ in sustainimg 
ativ~ biodi~rsity and ecosystem imtegrity in river~~ It discusses the eff~ots pf river 
xploitation, river maBagement~ an~devel.opment poUctes, ·Jne~uthorsunderlinethe 

irf)portanceofnatural.streamflowvariabifity i.n ecosystems and ecological res.ponsesto 
he article discusses the importance of tributary and groundwater temperatures and 

interconnection in maintaining water temperatures critical to salmonid growth. 
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None 

his booltls ~· pteen:iioenttext on~acific salrJ1,bn E'>C()legy. It revi~ws lite~ture from 
hrough,out the Pacific Rim, with several artieles .focusjng on. research conducted in 

·· /asl<a's BristO'f Bay. 
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None 

Descr!B~s .habitat require(llents for ctilhook .salmon includi~g .information regarding flow, 
elocity, sub;strate, dissolved oxygen, temperature, and other requirements. The 
elationshtpbetween flow regime and ~he ql:.fatity of salmonid riverine.liabitat is 
escril>ed. 

he article provides evidence for local adaptation of Lake Clark sockeye salmon to 
lacially turbid spawning streams, such that intensity of visual signals are reduced while 
eapon size (e.g., snout length and body size) is increased. It concludes that the 

presence of a glacial ecotype of sockeye salmon suggests that the excellent colonizing 
ability of the species may be due in part to an ability to adapt quickly to highly unstable, 
eologically young habitats. 

h~ article provid~d adetaile~ search and l'e-'eVal14ation of the known hist<?rical cases of 
ilrngs dam failwres worl~..WiCJe. 't'heir review !Jftfle dam fallure~atatlases (Le., 

lnte,maticmal Commissiorron Large .. aams fl(}OLD], U.S. ~ommissfon on Latge Dams 
USCOLO], .USEE'A: and UN Environmental Program) r~vealed that 14"7 cases of w()rld-
id,e ~aiHnQs da(ll tlisas~e~ ha~ occurre(j. In Europe, the most prevatent of fhe 15. 
iffen:~f!t failure causes was associated wit,tl ~nu:sually high rai~ events. They also noted 

hat fa/lores. attrlbutect to wffather events (includil1g rainfall, hurricanes, rapid snowmelt 
nd ice accumulation in taflin~s dam} may also be associated with pve.rflqw/overtopping, 
e~J)age •. founda~ion failure orhad impoundmentman~gement. O~tsic;te of Eurape, 
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anner crabs are described as an economically important pot fishery target. 

Figure 6 indicates ttfat Bristol. Bay (Central AK in .the figure) supports the worfd's 
trongest socl<eye salmon run. 

he National Park Service Southwest Alaska Network (SWAN) Inventory and Monitoring 
Program report provides the most comprehensive data for the region. Although Lake 
Clark National Park and Preserve is not an area that would be directly impacted by 
proposed mineral development, many of the species inventoried in this report have 
ranges which may extend into the project area. 
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None 

Highlights the risk factors to fish migration of culverts associated with road construction 

None 

None Yes 
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None. 

Brisfol IBay.isdescrtb~(;I aslargely.prfstine with onlym!hir,11al .habitattlegradafton, 
naffected l;)yagr:iculfure, logging.or dam building, no n.atoheries and.susta.inable 
isheri6,s. The paper concludes: Metapopulation dynarpies are, by: definition, procesS'es 
ccurrfngon relatively large sc~l~s, :often much. targer that the tE3rritory c<?vered by the 

·urisdiction ofa Sf)SCific m$nagement agen9y. this .is·p~rtic1Jlarly t~qe for anadromous 
':Sh speci~s because the.sanes of biotopesthey need.for tl'leir d!fferent.tife stages are 
pread over.targe areas of land an.d ocea,n, 
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he study concludes that the rainbow trout population may be rebounding from 
epressed levels, and indicates the population is relatively protected due to catch-and­

release regulations for sport fishers and the limitation of subsistence fishers to rod-and­
reel fishing only. It suggests avenues for further study. 

None 

he Northern Alaska Peninsula (NAP) caribou herd is described as important to local 
ubsistence hunters for centuries and to guides and recreational hunters since the 

1950s. Its range is described as the Alaska Peninsula from Nakenek to Port Moller 
(Figure 1 ). It reached a peak population size of 20,000 during the early 1980s, but 

xperienced significant declines in the mid-1990s. This study was initiated to 
understand factors in that decline. 

he. stl,idy aiscuss~s population ~tau.is; h,~ntiilg, management objectives and. field 
.sef?atiQF15, .for the mine area itself S:S well 'JS for: the.projectarea attarg~ for the 

ollowing species: (';gribou, blackbear ,brown .. bear, .. moose,wolves, fUrbearers, marine 
mammals., swans, o,tner wat~rtowl, seabirds, eagl~s, and spec:ific threatened, :~11:d 
ndangered species. (W,hich the report lists. G)nly as p~regrine falcons)~ . It suggest that 

potential threats from. the,: project may result not only from ciev~lopmei:1t itself, but also to. 
his report presents the results of a detailed assessment contracted by the Alaska 

Department of Fish and Game to measure the economic contribution that sportfishing 
made to the state of Alaska and its regional economies in 2007. The most angler 
pending in the state occurred in the Southcentral region including Bristol Bay, at 72%. 

In 2007, 475,534 resident and nonresident licensed anglers fished 2.5 million days in 
laska and spent nearly $1.4 billion on licenses and stamps, trip-related expenditures, 

pre-purchased packages, and equipment and real estate used for fishing. The $1.4 
billion of angler spending in Alaska resulted in economic activity that supported 15,879 
·obs in Alaska, provided $545 million of income, and resulted in $123 million in 
tate/local tax revenues. Nonresident angler spending in Alaska in 2007 (economic 

impact) was $653 million, and this supported 9,437 jobs and $67 million in state/local 
Total expenditures on guided sportfishing activities in 2007 totaled $416 
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aken directly fc:omthe ?onc!usion: Tpe multitude of ~coto:gfcal strategies that we 
.bserve in nature arise from the evolutionary 'tradtH>ffs' of costs yersus t>enents in .the 

process 0~;13daptaiion t(} habitats .. Naturell h~bitats have at)east eight quantitative 
h8,racters (Figures 6-9} andthese, must be assessed against tile prgantsms own 

.. imensions in space ana.ti(11e .. Tl:ie au.t1:10rs4:ggests th,~lJhese aharacters can be 
onGfeRsed into two axes: durational stability, whictlassesses spaliafheterogeneitY 
gainst time, and reso9rce lev~I andconstancy, which ex11resses the temp?ral 
eterogereity of the .s<;mre .space .. Such a tW,o dimeQsinnat t~eatment Cf:lnnot 
~capsulate wittro4t exceptian all the complexity of n~ture, but it wfH surely be rf1ore 
e::llistic .than ~tte(11pts to .qrganlze ecologica,'1 strat~gies alortQ a single dimensi~n. Tne . 
uthor corrcludes tftat fhe value of Figure 13 will have' to be testea fro.ro both.the 

• , + ' +. • ,,,,., • •> ,,, ,, ''• 

None 

h~ article ipdtcates, that soak:eye salmon have the a~Uity to det~ct · relativefysmaH 
hai:iges iO, olfactory cues at a very fioe scale, and a strorrg tendency to return to faroiliar 
ites, probai>ly using S:~ch cues Experimentally displ~~ced salmon .returned to th~ir natar 
lte d~s:pite much. hignerUk.eHhood ofpredation by bears. 

he article underscores the importance of genetically distinct sub-populations to the 
maintenance of the overall strength of Bristol Bay sockeye salmon. 

his report sommariz~s information regardi~g 'the sllbsr&tence. use of.~ockey~ salmon 
nd otherfresf)w~terfisfl gathered for a pr()jectftrnde"d by the US Fisharrd .\l'ftk.ilife 
ervic~. Fisheries Information Servl~es. This pro:Ject to document traclJtionat'ecological 

knowledge (TEK) \llfasund(;)rtakenbythe ~or1dal~on Tribal Cocmcil in partnership with 
Ll:lkeClark.National Park and Preserve, The. inforniation is b:ased o~ interviews ()f 
ighteen N,ondalto,o residents. r~garding their currentaf1d past.use of sockeye. safroofl 
nd other freshwater.fishfor subsistence'.. ft lncludes data.r:garding fishing practic~s, 
eograpfl.ic locations and Dena'lna place names ?ftradifionat fishing areas;. changes in 
elative ab~ndane~ of sock.eye s~lmon and pth~r freS;hwater fish used for s.ubs:istenoe, 
nd .. observations .ofcnange in the environment The report ctoes notanal~ze or . . "' . . 
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he publication outlines the history of Lake Clark National Park and Preserve, as well as 
urrounding areas, from the prehistoric period through the 1980s. 

ne, €tocumentdesertbes Bristol S~y as importantbre~dlrrg ltabitat tor fll.acift'c w~~Jrus 
anuary tl:ireugh March .. Theirge~eral ecology and international maaagement. are 
?scribect Tfle report further indicates a private interest in Alaska in developing. tile 
1shery potential of clams in Brlt:>tol ~aY and examines potential conflict between such an 
ndeavor with wat,rus mahagement ..• Authors fhcUcafe that disturba,nce by human 

. ctMties ls a majer theeat to walrns habitat. .·A conservation ptan is proposed ... 

Marbled murrelet is listed as a threatened species under the US Endangered Species 
ct. Its range is described as extending as far westward as Bristol Bay. The document 
etails federal actions taken regarding marbled murrelet management and protection. 
h~ Alaska stock of Pacific walrus is profiled iri this document. lt~ range (including 

Bristgl Bay). is d~scrtbed arya 11!ustrated in Figure .1 .• The world.populatiornivas last 
stimatedin2Q0,6at129;00(fanimals, thefowestpopufatiOf1 size e~timated forttie 
pecies .. ···• Cpnftlcts between w,alrns management arid commercial fisl!eri~s art? 
~scrib~d, a~ wen as spbsistence harvests i~ the ps anti RLlssta'. The USf=wS 
e~eived a petition ln 2008 to listthe Pacific walrus under l~e Us End~ngere~ Species 

Non-digital National Wetland Inventory map for the area surrounding the Pebble 
Deposit. The map was created utilizing 1978-1986, 1 :60,000-scale, color-infrared 
imagery collected as part of the Alaska High Altitude Photography Acquisition Program 
(AHAP). The data remains to be digitized, and due date for availability of digital data is 
unknown. Wetlands professionals indicate the map displays extraordinarily extensive 

etlands in the area. Codes to interpret the map may be obtained from: 

he water..:aata r&r:>,ort confains disctuilrge, s'-Ammary; water quality (width; stage, air, and 
ater t~1T1perature)data for the water YE(a,r(October 2cros~2009)for Uf?per 'Fafarik Creek 
ear Iliart:Jna. SifT!llar: reports for previous yeacs may be ebt~icyed tl;trpugh, the 1.JSGS 
he water-data report contains discharge, summary, water quality (width, stage, air, and 
ater temperature) data for the water year (October 2008-2009) for the North Fork 

Koktuli River near lliamna. Similar reports for previous years may be obtained through 
h~\llfat~r;;c(jata report contains~isdttarge1summary, w~terqua:fitY(width, stage, air, and 
ater temperature) data for the wate(y~ar (Qctober 2008-2,0()9) for the Koktult River 
ear lllamna. Similar retrorts for .previous years may be ot>tained through the USGS 

404(c) Bibliography - 01/28/2011 

Yes 

Yes 

Yes 

Yes 

Yes 

Page 166 of 

EPA-7609-0000586-0166 



None 

None 

404(c) Bibliography - 01/28/2011 Page 167 of 

EPA-7609-0000586-0167 



his study fbcuses on:tne Yukon-Kuskokwim Delta, but hlgf'fflghts pe>tentlal conflicts 
e:tweendeve.fopment and subsfstence uses.; 

he article is the first to define the River Continuum Concept. Yes 

Mone 

404(c) Bibliography - 01/28/2011 Page 168 of 

EPA-7609-0000586-0168 



None 

None. 

n e~tJ{n~te,a. annual averaQe ~f 37 ,5oO~ij'tr~s was ta~en for sub~istei)ce use .in Bristol 
Bay be~een ··2QO::t and 2()05 (No so~y wa~ comiu~ted in 2()Q3). Of tf:le total haNest, 
16, 1 on birds, {43°k) were auc~s. and. 7,500 bird~ (20%) werel}eese. Approximately 
,200 birds <(22~) were ptarmrgan. and 3,600 (10%} were spruce ·grouse. An additional 

·40(2%) were s~an~: 57~ (2%) ~ere cranes, aml SS0{2o/o} were qthe(birds (fati>le 2). 
ur:nmary tables are present~~d oy speCi'iJS an,d Year. Previous versiops .of this re,port 

may be obtaiRed fromthe IJSFWS website:. http:Tllibrary.fws.gov/PubUcaticms.htmL 
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One of the first examinations of early life history of Bristol Bay herring which are the 
largest herring off western North America and genetically distinct from herring in the 
Gulf of Alaska and off British Columbia. Average growth rate was near the upper end of 
he range reported from British Columbia and Washington, but greater than that 
bserved in similar experiments in California. High growth rates in Bristol Bay are 

attributed to summer surface water temperature in the nearshore zone where herring 
ongregate. 

imfh~r reports for ~ther years may ne focJRa G\Ithe ADFG website: 
fip:l/www :adfg ;stafe:ak.ustpubs/clept_pubUcattons.php. 

None 

¢he ~ristol Bay pQpufatron ponstftutes an e,sfimated 18:% of tfle Pamfic ~lyway 
pqpulatlon, thougm this .. is on,e of few. studies to ~><amine their. distribution; abundance., 
pqputaiion structure, arrd productivity: of swans in the area. 

None 

Discusses ttle evolving perspective o~ tt1e interconnectedness betwe~n sati:non and 
~fler anadromQus fish s,pecies to 0,ther fisb, wha;tes, s~a llqns, and n,un:erdus terrestrial 

pretl.ators and s~avenger~;, sygge~fing tttat>the view thatpredatam reduce fish 
va.ilabmty for humans !s both one-sided and overly limited. 
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Highlights potential risks to fisheries from road and dam construction Yes 
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None 
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ne. docume,n~ de~cribes fecal coliform; otnetwater qualfty parameters (st.~ndard fielGJ 
p~rameters .in addiflon to n~trients, a!kalinity, hardness, and metals)~ and eati;oleum 
heen sampUi:rg and results in tn~ lo\f\ler NushagakRiver. The objective W?S assess 
··nether or, not~uf(je car,nps.aod/or villa~es affeCi bacterial counts, docu.rnent present~ 
~y water quality condtti~ns, antl asse~s motor boat quantity/usage and ~etroleum 
he~n pre~ence on. the, lower Nu~hagak.< Fecal coliform levels exceeded drinking water 
uaUty ~amples at thr~e sites: Additiopal waterquality parfmeters rri,et almost all 
rinking water quality standards and cti!'Qnic aquatic Hf~ criteria with:rare excepttqns for 
isS'ohr6,d oxygen at one site. (sup:er.:.s~turation), pH {below fU)), andtlissolved iron at 
our S:ites . .(in exceedance of natjonal secondary (;Jrtnkilig water standan:fs). No 

....;;_.-i'.--t-.--J. _,,u--•- .... ; _____ ._ _ _:....._ .-...J '""'"" ·---"• .:, .. ·-*-- -· '.:-f!•,. .... ~..;;;.- .£-.. __ ,_. •-- ""'4...- - ... ~~--r•--~ 
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rT"he document describes fecal coliform and other water quality parameters (standard Yes Yes 
~ield parameters in addition to nutrients, alkalinity, hardness, and metals) sampling and 
results in the lower Nushagak River. The objective was to build on sampling started the 
previous year, and to assess sampling locations for suitability for future bioassessment 
studies. Fecal coliform levels consistently met drinking water quality standards in 2007. 
~dditional water quality parameters met almost all drinking water quality standards and 
K;hronic aquatic life criteria with one exception for dissolved iron at one site (in 
~xceedance of national secondary drinking water standards). Two sites were evaluated 
for bioassessment suitability and diatom sampling was determined to be the best option ,_ - - - .. 
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3 

his plan guides state land management by the Department of Natural Resources in the 
Nushagak and Mulchatna drainages and guides coastal consistency review. This plan: 
1) identifies goals, management intent, and public use sites for 25 management units in 
he planning area; 2) specifies management policies for long-term uses (uses that take 

place at one site on state land for longer than 14 consecutive days), including permanent 
and temporary facilities, trapping cabins, boat storage, airstrip development, docks, and 

ther uses, and specifies where these uses may be allowed and where they are 
prohibited; 3) includes guidelines that provide specific management direction for the 25 
management units and public use sites; and 4) includes implementation information and 

. . . . . 
he us G~ological Survey.and, fh.e National Pam Service aorrduc~~d a water~quaUfy 

investig~tio,n of the Kijik River ~asin in lake '?lark: National Park and Preserve from June 
4. to March. 2005. "fhe Kijik River 6~sJn was stt:1dit:td. because ithas ~ prqdU,Ciiv~ 

salmo~ run that is importa,nud the lar~er Kvichak Ri~er iJVate~~ed. Wa~r". 
physical .~abitat, and biolagica:I aharacteristl~s ~re asse~sed, water type 
utthe Kijik River Basin i:s catc,ium bicartonat~ af(hough Little Kiji~ River above 

k La~e does have slightly higher concentrations of sul.fate.and chloride. Afkalinity 
eentratfons are g~nerallyless fha,n 28 milUgrarris.p~rlitEU'; indicating a f()W buffeting 

apacity of these waters: ... ·L::achburra. Lake traps mucti .ef the suspefrc:ted setitlmentfrom 
he glacier str&a~~rin the headwaters of .the·ba,sln as evf~enced t>y .l()W secchi~disc: 
ranspt2rency of 1 to 2 meters and low suspended sediment concentratiQns in tf"le, Kljilt 
River dowrrstream fr~rri the fake, Rijik Lake. is (ed ~by clearwater s~reams and has secchi­

isc. readings r£mgingfro~ 11 to 15 meters. Strear:11bEid ae~iments colle,cted from, four 
rcesitt:is analyzed for trace e,lements indlcatErdthat arsenic c,oncentrations at all 
yvere:abovep~op(;)Sed guideUnes,.However, arse~ic~concenlf<;itions are ctua tothe 

local geology, not anthropogenic .factors. Benthic macro.invertel:jrate qualitative mltiti­
abitat ·samples collectec.l •fl"OQ1.iw? sites on the Little Kijfk River ~nd two sltes on the 

. main. stem of tfie .. Kljik River indicated a tqtaf of 69 ta?<a present a~()rrg fbe four sites. '.fhe 
lass lnsecta, made up the l~r~~st(.}ercenpage ofmacroinvertebrates, totalfrtg 70. percent 
fthe fammesf~urrd. The inse~~ were comprised of four orders.; Dipt(2lra(flies and 

mid es E hemero tera ma flies. Pleco tera stonefJies. and Tricho tera 
None 

None 
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3 

28 

None 

None 

his section discusses the groundwater sampling results from the 2004 field season. The 
ata are analyzed to determine spatial (lateral and vertical) variations and variations with 
ime. The data are also compared with surface water-quality criteria to provide a 

benchmark for water quality. Based on the results of this analysis, requirements for 
urther data are noted. Groundwater samples were collected in September and October 
004. The study results will be included in the environmental baseline document and are 
xpected to be used for both the design and the permit applications for construction, 
peration, and closure of the proposed mine. The objective of the following discussion is 

o report the progress of groundwater sampling and analysis and the current 
understanding of groundwater chemistry. 
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None Yes 

his. ~eportis on,e of v~f'I/ few that provtd~ t>aseUn~ hab[tatdata in. the S,ristel Bay Yes 
rainage area. Kijik Lake is outside of the 0are1a that woutcl. be directly irnpacted QY 

rniner:al developrnent, though the spawniQg s~lrnon populatiens mfgrate through the 
project area to reach spawning .beds in Kijik lake .. 

Describes the water source for Clark's Point as spring-fed wells. Water is treated with Yes 
hlorine and flouride. Commercial fishing forms the economic base for the community. 

Fish and salmon subsistence activities are crucial to the livelihood of residents. 
Location, climate, history, culture, demographics, facilities, other utilities, schools, health 
are, economy, transportation, organizations with local offices, and regional 

Describes.the water SQL.1rcetor OIHingh~m as thre~.deep wefls~ Wateristre~~d a~d Yes 
piped fo 40% of the. cornrnuhity .. rh:e, rernaining 60% use individual' wells. c,~rnrnercial 
1shin~;, .f!sh processing and storage, a11d othersuppor:t tor the fishing .industry f~rrns th,e 
conomic ba~e for the pomrnunity. Fish and w,H~life sUbsistence a<;.tivities are, qrucia,1 to 
he. tivetfhood of residents .. •Locati~n, clirnate, hist©ry, ··cult~re, :c1emog.raphi~s, fa,cilities; 
ther utilities, school~, h~alth .care, econoqiy' transporb:)ticm4? organifatioris·with l9cal 

Describes water sources of individuals as wells, or surface water from a nearby Yes 
unnamed lake. Ekuk was formerly home to a fish packing company. Location, climate, 
history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 
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D~s ibes. the water source for E1<wok.as primarily indlvidu~t wells; Ftshantl wl:ldllfe Yes 
rsut~sistence . .activities are. cruclatto the. liv~lihoodo! residents as most.resia.e,nts. are not 
interested·in participating·in a· cash ec()nomy. ··A handful of.residen,ts fish .Commercially, 
nd 1he vi!lage~eorppratton owns a fishing lotJ.ge. Location, climate~ history, culture, 
emographics, facmttes, .otJ;ler utilities, ~cboots,, health .. care,,~~Ol'lOJ:TlY ~ tr~nsp©rtati.on, 
rganizatlqns with 10,cal offrces,.and repionaforganizatioos are ~lso aescribed. Maybe 

Describes the water source for lgiugig as the Kvichak River due to inadequate Yes 
roundwater supplies. Should mining commence, the risk of drinking water 
ontamination of the Kvichak River exists. Residents depend on the commercial 
almon fishery as well as fish and wildlife subsistence activities. Trophy rainbow trout 

attract sport fishermen to the area, and seven commercial lodges operate in lgiugig, 
erving sport fishermen and hunters. Location, climate, history, culture, demographics, 
acilities, other utilities, schools, health care, economy, transportation, organizations with 

Oescri~swater soil~es for lliamn~ as inc:Hvidual well$. tomm,ere:ial fishing~ sport Yes 
tshing and .. to?ti~m:are Uste!'l as major so,urces cf Jf1C?me. for ttie: corftm1,mity. 
ubsi~tenceftunting and fishing is atso'an impo!fant sourc~ ()f livetifiOod for the 
ommunity. ,A.l~o describes. tocation,<climate, history, cu.lture, t;femographi~s, facilities, 
tilities, SC~OC?IS, he~fth Care, economy, transportation, organizationswith.fooal o.ffices, 

Describes water sources for King Salmon as primarily shallow individual wells, and a Yes 
mall community well for FAA housing. Commercial fishing is important to the King 

Salmon Economy, as is tourism given its proximity to Katmai National Park and 
Preserve. Sportfishing is also popular in the area. Location, climate, history, culture, 
emographics, facilities, other utilities, schools, health care, economy, transportation, 
rganizations with local offices, and regional organizations are also described. May be 

Oescrib'es Vli~t~r sources forKokhanok as a piped waters)'Stem as well as a·.separate Yes 
a,11 and. treatment facility for the Jocal schoot .. ~omm~rciat fishing is a,n imp~rtant. .. if 
eclining ·.economic bas~• .. in t~e community~ Most residents rely heavify Ol1 fi~h and 
i!dlife sub~{ste11ee. Also ~esorioes .loQation,climate, history, culture, demographics~ 

acilities, utilitjes, schools, health. care, economy, tra~sportation, organ,izations Wltti local 
ffices, and regional organizations. May be obtained from D~RA website: 

Describes water source for Levelock as individual wells. Commercial fishing, fish Yes 
processing, and storage form the economic base for the community. Fish and wildlife 
ubsistence activities are crucial to the livelihood of residents. Location, climate, 

history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 

Describes, Naknak's w~ter source as priparuv irrdividual wells. .Commetciaf fishing and Yes 
processing are centra:r tothe e?onomy o,t the '1,illage. Governme,nt is anqther source of 

mployment Tn the village. Loc~tion, climate, fiistory/uulture, demographics, facilities, 
her utilities •.. schools, he,alttrcl:lre, .economy., tra,nsP?rtatlon~organimtions with local 

ffioes, an~ regional organization~ are also .. desorib~d. Max be~~tai'ned ~m OCRA 
Describes water source for New Stuyahok as treated community well water. The Yes 
almon fishery forms the economic base for the community. Fish and wildlife 
ubsistence activities are crucial to the livelihood of residents. Location, climate, 

history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 

Describes water sources for Newhaf~n a~ treated water cteriyed fre>OJ ,a ~omf11unify weft. Yes 
omm,ercial fishing and sport fishing for tr,ophy rainbow trout prov.id~ e~onomic 
pportunities inNewnalen. Residents aJsodepend on fish and'wildllfe tosupport.their 
wbsistence lifestyle. Also describes, locafion, climate, history, cufture, demoQrt:lPhlcs, 
acilities, utmties, schools, health care, economy, transportation, organizations with local~ 
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Describes water sources for Nondalton as treated surface water from Six-Mile Lake. Yes 
Commercial fishing and subsistence hunting are primary sources of livelihood in the 
village. Also describes location, climate, history, culture, demographics, facilities, 
utilities, schools, health care, economy, transportation, organizations with local offices, 
and regional organizations. May be obtained from DCRA website: 

Oesriribeswater SQt1rces for Pedro Bay as i~divldu~l wetis .or surlac~;water ftom lliamna Yes 
Lak~: Employme,nt com~ists largely: ofcommer~ial fishing ~nq to~rism services. 

uttsistance hunting arid fishing is a:tso an Important souf'P:e of livelinood. Also 
esc:ribes to,c;atlon, climate, history, cuit~re, demographics, faciHties,, utilities, sch6ols, 
ealtl{ c,ar~, econom~, transportation; erganizations with local offices, a~d regional 

Describes water sources for Port Alsworth as individual wells or hauled water from Yes 
nearby surface water sources. The economic base of Port Alsworth relies on lodges 
and outfitters/guides for summer recreation, as well as limited commercial fishing. Also 
escribes location, climate, history, culture, demographics, facilities, utilities, schools, 

health care, economy, transportation, organizations with local offices, and regional 

Describes water sources fQr Portage c,reek as hauled from downr!ver{Portag~ c~eek}. Ye~ 
Residents depei;td on fish. and. wildlife. s,ubs1ste~ce actlvities,:anct a loc:tge operates 
urirrg the summer. l..;ocation, cUmate, hist?ry, culture.,demogr~phias., faciHti~s. other 
tilfties, schools, health. ~are, econGfny, tt:anspoFf:atiqn~ orQa,ntzations W\thlocaJoffices, 
mi regional O(ganizations are ~l~o descri~~d. <May be ol!}tained from DCRA website: 

Describes South Naknek's water source as primarily individual wells (surface or Yes 
roundwater are not indicated), and some piped water. Commercial fishing and 

processing are central to the economy of the village, and residents depend on 
ubsistence hunting and fishing. Location, climate, history, culture, demographics, 
acilities, other utilities, schools, health care, economy, transportation, organizations with 
local offices, and regional organizations are also described. May be obtained from 

f:lis study i:aviews ttre hif)toty .and accuracy of w~ter qtiaUty predicttons for major Yes 
~rdrocl< mines .in the United S~tes by comparing aqtual wate: q~aUty to the predlcfldns 

made in t:n~ironmental Impact Statements {EISs} af!d sixbsequ~ntly identi¥ng common 
aus:es ofwat~rquaHty im~aetand predictionfailur~~,: In act<;tition; an analysis was 
onducte"Q. to determine if there were .inherent risk fagtor5, at mines .that may pred.lspose 
.f1. opera:tron .to having water quality problems'. ... qt mines analyzed! 76% had mining-
elated water quality exceedanees in. surface or gro~ndwater, Eighty-nine perceQt of 

mines. ~ith a,cld dra!na'ge predicte'd l()W acid. drainag~ potential prior ta develop~Emt 
oncluSi<J,ns are provid~d ab°,ut the effectlvene~s ()f the .ljncJerlyinQ s,cientific and 
ngineering principles .used to ma:ke wa!er QIJality .prediction,s In EISs. Finally, 
ecommendations. are made for .regutatory, scientific and ~ngineering approaches tliat 
Ould imprqvethe reliability ofwater quality pr~dictions at hardrock mine sites. The 
ocumentmaybe downloade~ atthe foltowing website: 
ttj):llwww.mineralpol1,cy.org1pUblications~w~tcome.cfm. Fot tbe minesci~ tfieir $tudy 
hat d~yelof!ed a~id dr~inage, almost an eitt:ler ~nG!erestimate(l o~ Ignored the potential 

Results are provided for specific conductance, pH, water temperature, dissolved Yes 
xygen, alkalinity and hardness, nutrients, major ions and dissolved solids, total and 
issolved trace elements, and low level mercury. Samples were collected from surface 

and groundwater in the immediate vicinity of the deposit, as well as the area proposed 
at the time for the road corridor and port facility. Groundwater is characterized around 
he deposit by low dissolved solids, near neutral pH, average temperature of 4°C, and 
high dissolved oxygen with few exceptions. Surface water quality around the deposit 
enerally met water quality standards for aquatic-life criteria with the exception of 

aluminum and alkalinity. The only noted exceedance to water quality standards in 
roundwater along the road corridor was the pH value from the Newhalen municipal well 
hich was over the criteria of pH 8.5 during both sampling events. Turbidity values also 
xceeded state water quality samples, though results were not considered reliable. . . . 
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None Yes 

None Yes 

~e doqumerit desctibe.s fecal coliform, other w~~ter quafify parameters (standard field Ves 
parameters Jn addition. to nutrients; .alkalinify, haf'Clness, and metals). andpetrote,um 
hee,n sampling and resul~ in th,e lo~.ar Nus~agak River. The ol:Yjective was assess 
hetn.er or not guide camps and/or village~ .affect bact~rial !!ount!, d<,>cume~t prasent­
ay water qualify conditions, and assess m?tor boat quantify/usage and petroleu111 
he,en prese~ce on th~ .lowerNushag~lc ·feca.1 colitor111.1evelsexceeded drinl<.ing water 
uaUtysamples at three. sites •... ,:6{ddifionaL water quality parameters met almost alt 
rinking water qualify stand~rd,s and chron,Jc aquatic. life criteria yvith rare exceptions for 
isso(ved oxygen ~tone site (Super~sat~ration}r pH (b~low 6.0), and dissolved jron at 

our, sites ~in eX<2et7fdance of.national secondary drinki.ng Water standards.). N() 

he document describes fecal coliform and other water quality parameters (standard Yes 
ield parameters in addition to nutrients, alkalinity, hardness, and metals) sampling and 

results in the lower Nushagak River. The objective was to build on sampling started the 
previous year, and to assess sampling locations for suitability for future bioassessment 
tudies. Fecal coliform levels consistently met drinking water quality standards in 2007. 
dditional water quality parameters met almost all drinking water quality standards and 
hronic aquatic life criteria with one exception for dissolved iron at one site (in 
xceedance of national secondary drinking water standards). Two sites were evaluated 
or bioassessment suitability and diatom sampling was determined to be the best option . . . 
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194 he an~tol Bay critical habit?t areas {CHAS,) are cp.managed by the Al~ska .aep~r:tment 
'f Fish and Qame {ADFG) inaccordanoe with Ala~ka ·Statut~ 16.20.520-530, and the 
tas,ka Oepartmentof Natural Resource$ (ONR) p~rAS 38.05\The purpo~e of ~he 

Brist<JL Bay Critical Habitat Are<as Management Plan. is to provig.e consistent, IO(YQ•raoge 
uidan?e in ma11gging the five CHA:~. AOFG h~s undertaken thisco~prehensive 
tanning pr,oces~ in order to ~stablish. guidelines,. policies, and r,e.put~tions for 

manag,rn,ent .of fish a~d wil~tife, n,aJ>itat, .and. current a,nd future a<;tMtie~ th~taft~ct them 
nthe CHAs. Thi~ ~raft plan presents ma,r1agement goalstor tfle CH~s anGf their 
esources, ·and rqe~ti:fie,:~ polices to be.uS"ed.in de!erminirig wh~therpropo~ed activities 
re compatible with the protection of fish an~:I wildlife,their habitats, .and public use of the .. . 

Since 1980, the Division of Subsistence of the Alaska Department of Fish and Game has 
onducted research on contemporary hunting, fishing, and gathering in Alaska Native 

and other rural Alaska communities. This paper describes the division's research 
program and some the results of the division's studies. First, there is an overview of the 
tate and federal legislation which provides a preference for subsistence uses in 

resource management and allocation decisions. Next, the division's research methods 
are discussed, followed by a summary of some of the recent findings about the role of 
ubsistence uses in the mixed subsistence-based economies of Alaskan villages. A 
ascription of a "baseline" study in the Central Yup'ik Eskimo village of Manokotak 

illustrates the kinds of information which the division has collected for about 151 
ommunities. The paper also illustrates how these data have been applied in resource . . . 

1l(3): 611:,631 Pacific wafrus.es (Odotre~zs rosmarzs divergetrs) rnake·trips from fee ot farrd haul-out 
ites to teraga for b~nthic/prey. We d~scribed1ve ~nd trip characteristics from time-depth 
cord~rdata con.ected overa one-m9nth period during summer from four male Pacific 
.afrus~s Jn Bristol S,ay, AJaska. Dives were classified in,to four types, Shallow ( 4 m}, 
h()rt (2.7 min}, square::ishaped dive,s accounted for 11 ~ of tripJi~, arrd rnai;iy were 
robably ~ssociated with traveliirg'. Shallow (2 m} ar,td ve.(Ys~ort (0.5 min) dives 
orhposed only1.% oftrip ftme. Qet:ip (41 ~). long {7.2 m(n}, s9uare-shaped dives 
ccounted for4S,% oftriptime<and were undoubtedly ass~ciate~ with benthic foraging. 
-shaped/divesrangedwir;iely in depth, were of modera~e duration (4.7 min}, and 
omposed 3l>/o ~ftriptime: Th~se dives. may have been associatedwith navig.ation or 
xplorationof ttre seafloor forpotenUal. p:r~y habitat. Surface intervals between. dives 
eres:imilar>am°,nffdive types, arid ge~eraHy lasted1-2 min'. Total forag.in~ time was 
trongly ~~rrelated with tri~ duration and there was no apparent diel .pattern ~f ~iving in 
ny.dhie typeamoraganimals. We fourrd no correlation lletween dive duration a111d 

f--"'-----"---"---"----' . ' : ' . •, . . . ''• ':, 

771, the A:laska Departriie:qt.ofFish and Game hasconducte'd ~n.arinuafmafl 
urve~ to estimate si:rort:fis~ing participation and l)arvests (fish kept) smtewfde

0

by 
las.kan fisheri~, areas,/!~gians, and species .•. Sinc~199~, catches{fis,h a~d clams 
arvested plus fish r~leased)ha,ve also. been estimated •. Oetaited findings are. preserited 

'Or ~~01.. In 2001, an estimattfd 432,129 anglers ~shed2.~261 ~941 'days and kept 
,078,100 of.the! 6?~5,786 fish andclams c tThe 3,216,432 fish h~~sted in 2002 

includes 788,665 razor clams Silfqua patU,la. , .. 96,30~ smelt and capelin Os~eddae . 
. f 1he remaining ~,331,463 hart~sted fish, 1,S23'.338 (65.3%)wer~ anadromous {sea· 

un) salmon Oncomynchus, 350,809(15.~ %) were Pacific halibljt H(ppoglossus 
tenolepis, 120,39.S (5~2%}were roe,t<fishSetJastea,,.117,063.(5.0%}we,rer(iinJ:yow trout 

0: mykiss, 60,994 (2.6.%}wereDolfy Varden Salvetin.us malma and.A:rcfi~ char 
•, . ' ' ',• " '•,' ' ,, 
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55: 2339-2346 1. Warming trends are evident in many parts of the globe but are especially marked at 
higher latitudes, with complex effects on the biota that include direct effects on growth 
potential and indirect effects through food webs; 2. Air temperatures have been 
increasing over the past 50 years in southwestern Alaska, affecting the growth and 
population dynamics of many organisms, including a variety of aquatic species such as 
he freshwater mussel Anodonta beringiana; 3. We collected freshwater mussels from 
lliamna Lake, in the Bristol Bay region of Alaska, and measured their shells to examine 
limatic effects on growth patterns; 4. Linear mixed effects models and ordinary least 
quare linear regressions revealed strong positive correlations between local air 
emperatures (especially in May, October and the summer months) and inter-annual 

. . . . . 
uaL$pring aerial sur>Jeys .were initiated in t9'92, ar'ld :epeated In: 1993, 1994, .. f9'91, 

000::-2()05 and .200110 monitor the.populatton status,of and .liabitat use oy 
ler's eiders (PolJ<stic,ta .stellerij staging. for spring migration in soutflwe,~tem .Alaska. 

irice the timing of migration \fC{ries, two to three replicate shoreline surveys w~re: 
.. onducted each survey year througft 1997, to target the .optimaUimiog wtien most eider5 
·ere:wit~in ttle suryey area prior fo d~partl;'re to.arctic breedrog grounds. Fiseal 
onstraints ;artd ,inclement weather in suBs~quent years resulted in sucdessful comple~ion 

nly one 5uf'Vey per year,>th:e timing of which was carefully scheduled using sea ice, 
er and observationaf data from local contacts. We made visual 'estimates of 

teller's eiders and all otherJdentifiabte~ater birds and marine mammals alon~ 
horelines, estuaries anti sh<!~fs whereSteller's ei~ers anaoth~r seadu~ks were,known 
a.congregate during migration. In each year,~here multiple ~urveys.wete compf~~d, 
he highest Ste:tle,f"s eider count was used as that year's PO(:}ul:ct:tion estimate for trend 
nalysis. Annual Stelter•s eider raw ~ounts are .1 '1>7 ,904 ( 1992/; 88;636 (1993); 107,589 

(1994); 90,269 (1997), l34:,459(199a),6s;~56 ~200~). 5a;23:t (2001). 54 .• 191 (2002), 
7,329 (2003), 82;455 (2004), 79,022.(2005) ~nd 87,.3:53 (2007). The long-::term ave,ra~e 
om 1992 to 2(}07 rs 84,70(). Correotfng r~i::ent estimates usins;J ext:r~pofated d~1a from 

shoat tiabitats, the totats ~re 72,953 (2<JGO), 601'.~56 (2001 ), 56:, 704 (2002), 
' ... 69{2<J03},S2,712 (2004), 79,022(~005),and 87,40p(2007): We suspect thaUfle 

low; population. estimates obtained from 2000 th~ough 2002 .were due in part !o a. portion 
f the eltlers mt rrorthwar~ cJuring the ~urvey, thus escaping de,tection by the 
urvey crew..... . .. . . thesis ~as supported by s~tellfte telemetry da,ta,whictrindicated 

migration withintfiestudy.areadurinJJ the$.urveyof 2002 .. Wetherefore initiated the 
003 througtl ~007 surve~s !11 earlrfo;prit, encou,ntering most eiders before the~ movE:fd 
rom Afaskaf>en,instlla leigoon,s to l<usk<>,k~im, Bay Sf1d other more norther)y habitats, 

Unexpanded long'-termsurvey data indicate a 2.6 percent average annual decline in 
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he purpos~ dnnls guiete is to. proyioe assistanpeto visito(S to the Soi.tthwestAla:ska 
rk (SWAN) national parks and Na.tional Park Service staff i~ identifying, 
standing, and enjoying bivalves fuu~d in intertid~I sfi:idiments in the $WAN parks'. 

e liav,e·provided brief sectio~s o~ the ecology of these. cla(t')s,including cor:nmentson 
H:abitats arrd feeding types, an,d a descriptive QIJidetothecfams. Ttie descriptive 
includes drawing~ and ph°,to,grapfls to depict the appear,ance of ttfe ct!i'ms both in 

and ao(j,where possible, the:appearance pf distinQ!JJsh~Qg if1dicators of their 
resence in the field. Fpr ~ach speci~s, ~e~a:'e incfud~d a brief.des~ription. of th~ clam, 

its typi~al. babitat~ anct, ,jts distributi9n 'among the ~ark$ and in tbe North Pa,cific. Bivalves 
~e aprltical source of nutrition for majpr·preda,tors such .as bears, sea otters; sea 

.. dMn~) duc,ks, shorebirds ano other invertebrates at sc>rne time durin,g the year. For 
xampie, bearsalon~ the KA Tl'Vt coas,t achie~ higher rates o.f energy from razor.and 
oftshell clams tharrthose ft?r:agtng .. on vegetation(Smith ,200~) ....... ln.addftion tq. supporting 
he bea~, $ea otte~, diving ducks, and shorebirds for millions of years, clams .. have 
een a ·roajer source of fo~d for flBtive. Ala.skans. since th~irarrival Jn Alask~ 3 5 ,ooo to 

·• 0,0()0 .years 8QO. They h.ave been imeortantJn the success. of native cultures in coastal 
nvironmeAts. Clams exhibit longevitv af1d lack of mobility, and thus are go9d indicators 
f lon.g-terr:n conc:Utions (B~nnatt 200E3}. It can be assumEfd that beaches supportil)Q 

easonablenumbers of longUved clams aresta6Je ans "healthy."Thls guide includes 
f twen,ty-nine species in thirteen families that were .found iri ,sun1eys .of 

iQ three ~WAN ratiorraJ parks c,Jurirrg the summers. of 2~04 and 2005. (l.ees and 
Driskell 2004, ,200aa, and 2006b). The parks surveyed we,re Katmai Natienal. Park and 
Preserve (~TM), Kenai fjord Nati.onal Par'k(KE:FJ), arrd L.ake:Clafk N<atio!'Ial Park and 
Pres.erve (LACL). Species composition of the clams varied consl(jerably by pa,rk. 

proximate!¥ toe.same number of clam.species was observed.i.n ~TM andKSFJ, but 
LACL supports far fewer species. Only Balttc rzyacom~s and soffshelf Clflrty~ were, found 

e investigated five a priori hypotheses on factors affecting year-class success of 
ommercially exploited Tanner crabs, Chionoecetes bairdi, in Bristol Bay, Alaska, 
hrough correlation analysis and multiple regression modelling. Estimates of recruitment 
rom Zheng et al.'s (1998; Can. Spec. Publ. Fish. Aquat. Sci. 125:97±105) length-based 

analysis of assessment survey and commercial catch data were used to index year-class 
trength. This work extends results of an earlier study (Rosenkranz et al., 1998; Alaska 

Fish. Res. Bull. 5:18±24), which reported positive correlations between Tanner crab year 
lass size and northeast (NE) winds during the spring larval period, by considering the 
ffects of nondirectional wind speed, bottom and surface water temperature, and 

abundance of the potential predators sockeye salmon (Oncorhynchus nerka) and Pacific 
od (Gadus macrocephalus). No relationships were found between year-class size and 

mean wind speed or predator abundance, but positive correlations were found with 
bottom temperatures during gonadal development and egg incubation. Linear regression 
models with the independent variables NE wind and bottom temperature accounted for 
about half the variability in the year-class strength index (r-squared=0.50 for males, r-
quared=0.48 for females). Anomalously cold bottom temperatures may adversely affect 
he Tanner crab reproductive cvcle. and NE winds mav promote coastal upwellinq while 
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his Conservation, f>tanforthe Pacific Walrus rnA.tasJ<a has been ~PP)'Pv6"d by.tl:le US 
~ish and Wtldlife S~rvice~ Otiring the 1988 reauthorization of tl:le Marine !'flammal 
Protection A~t, Gongressstiggestet:tconservati(Jtl plans.: (1) be prepared wne::e tlleY 
oul~ bene~t the popul~tion, and .~?):provide .cef:tain· ~ackgropnd material and deyetop a 

te.gy for achieving tMe P,rimary.go~I pf .the MMPA of maintaining population stocks 
their optimum sustainable po~ulation leveL This .plan hias been developed 
· rdjngly ... ytte Conservation Flan doe~ not necessari!Y represent off!cial positi(?ns or 

val by cooperating agencies or or§aoi:zations. The Conservation Pla,n was . .. .•. . • . .. 
epar~~ by the. ~taff, fV1arine "Mammals. Managern~rit, U$ Fish and Wild!if~ Serv(c~ with 
e assistance ofthe Marine Mammal Commission, the esk,imo Walru5, Commission,0anc1 

he University ofAfaska. to delineate reas?nabl~ actions believetj' reqU:!re,cfto conserve 
Ile Pac{fic walrus population within the>requirements of th:e ~Marine Marnm~I Protection 
qt of 1972, as amended, While manY,. of the contribution~ and. recc,:immend:atlons made 
y th~se organiz~tfoms have t;>eeA incorpor~ted into thJs Plan, the PI~n does net 
ecessarily represent. the Vi~~ CJf these gr9ups, .rior does it arways represent a 
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tabte with sport fish harve5,t in sotithcenttal Alast<a{inch.Jdifig Brfst~I Bay) listed by 
pecies for salmon, r~sid~n~ fi~h, as wetl a$ smelt, haHbut, shark,. rockfish, lingcod, 

Pacific cod,. razor clams, :and .other fish. May be ol:itained from the ADFG wet{slte: 
nis dpcumenf includes 40maps outlining land designations and h~bitat areas J11 Bristol 
ayform~rine inve~brategathertng: waterfowltrappirrg, salmon, tr,eshwaterfish, 

marine mammals; ~aribou, geese, shorebirds, guUs and terns, eagles, Steffar's e.ide(S, 
rown bear&; arrctswans for each community. 

he report includes a map of areas used by Manokotak hunters to harvest moose and 
marine mammals, and documents edible weight of subsistence for Manokotak and 
Dillingham at 2006 and 715 pounds, respectively. Mean household harvest is 
ocumented for 19 Bristol Bay communities for salmon, other fish, marine invertebrates 

(butter and razor clams), land mammals, marine mammals, furbearers, birds and eggs, 
and plants. Response to growing hunting pressure by recreational hunters is discussed. 

De~cribe~ d.fvi~Q. bettavior ('.)f Pacific warrsus in Bristol Bay irrcfuding foraging for bhtalve 
mollvscs Jn·thefegion7 

?,Ort fishing participation rs broken out by rag ions in table~ arth~ end of tn,e r0,port. 
Bristol. Bay is inch.1ded in ~outhcentral Alaska for the purposes of this report. 
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None 

he majority of vvorld populatio:n of Stetla:r's. elders {a sp~c!e5/ fisted as threatened \.m~E;ff 
tie us Endangered Species Act) migrates aton~fttie Bristol Bay ooastof th'e Alaska 
Peninsu•a in the spring, and crosses the Bay. It is found. ill arrd ne'ar laQO()ns and 
hoals rich in benthio invertebrate prey .. Maps of King eider n,oe1<:c11strrbution are 

presented in Figures 2 thr?U9h. 8. A ./!st of other Spec.ie$ .observed. dUring the surveys is 
included at the .end of tf'le document. 
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fthough tfle guide focuses ·drt national parks aroi..lntl Bristol Ba,y as <:Yppo~edto areas 
hi~h woul<:I b~ directly impacted oy deV,elopment, it is s~me of the only ~afa available 

egarding s:nel.ffish be,ds for the region ... Speei~s .assemblages in BristOl Bay presu,rnab.Jy 
esemblesome of those described herein. 

anner crabs are described as an economically important pot fishery target. 
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h~ docume~t describes Bristol Bayas)mportant breeC:Jlng habitat f'Or Pacific walrus 
anuary thr!Ju~h March .... their general ecology and intemation~I management are 
escnbed. The report (urther in:c'icates Iii. prrvate int~rest in . .At~ska . .in developin~ the 
1shery potential of clams in SristQI Bay .arid exartiines poteptial conflict {>etween such an 
ndeavor~ith .w~lru,s rn~nagement Aoth~rs irrdieat~ that dist~rbance byhuman 
ctivitie'S is :a major tlil'Efat {~walrus habitat~ A conservation ptara is proposed. 
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194 fie. Bristol Eaay critical .liabitat afeas JCHAs) i.ilre ca-managed 6y the Afaska Department 
f Fish .and Gam7 {ADFG) i11,;aceordance with Alaska ~tatute Jt'.5::20.520 .. 530, and the 
las~a Department of Natural Resources (ONR) per AS 38.os. The purpose of the 
ristol Bay Critical Habitat. Areas Managem~nt Flan is to provide consistent, tong~range 
uidance in managing the five CHAs .. ADf G has und~rtaken this co[\Jpreh~nsiye 
fanning. proce~s ifl order.to establish. guidelineis, polici~s, an~. regulatton,s for 

m,anagement of fish .an~ wildlife, habit~t, .and curr~f1t an~ ty~u~e activitf:es that affe¢(them 
~ the CHAs. This di;aff: plan preserits managem,ent go,als for the CHAs and their 
esources, an.ctJ(Jen~ifiespolices. to be. used 1n··d~teF11Jining .. wtlether proposed activities 
re compatible with.the protectiOf1 of fish and Wildlife, their habitats, and pubHc:useof~the 
Pt:As: The goals and policies of this platH~re adopte~ as regulation. The plan<;toes not 
ddress huntin:g or fishing regulation~, wfli~h are the purview ofthe .Afaska Boards of 

Fish and Garne. 

New regulations based on wild trout management policies now apply to popular rainbow 
rout waters in Southwest Alaska. These regulations were passed by the Alaska Board of 
Fisheries after two years of public meetings and involvement by anglers, guides, lodge 
wners, area residents, and the department. Management policies were adopted by the 

board to sustain quality wild stock rainbow populations while providing a variety of sport 
ishing opportunities through establishment of special areas. Also, the new board policies 

allow for economic development while acknowledging the value of the rainbow trout 
ishery to the people of Alaska. 

Ms plan. guides state I.and management •6y tf'le 06,parfment of Natural ResQUrce~ln the 
··· ·· Nu~hag~k andMulohatna dr~ir:Jages arrd ~uides coastal consistency re~iew,. This plan: 

1 )f(;lentffies .goals, manage,ment intent, and pubHc use sites. for 25 man~g~m~nt units in 
he planning area; 2) S:f:)eciftes man~gement policies for long~term uses (uses ttrattal<e 
place at. one site on sude land for longe,r than. t4 consecutive days)i · 111cludirrg permanent 
nd temporary. facil.ities.;. trappirrg cabins, boat ~torage, a,irstrip?development, a,ocks, and 
ther uses, and specifieswhere these uses m~ybe allowe~ and Where they ar.e 

hibited; 3) inctudes~guideUn~ that provide specific mam:rgem,etJt direction for:1fle 25 
agernent units a{lt.I public· use sites; and 4) iru~ludes implemen~tioninf'orrnation and 
mmendations for future ma,nagement of the planning area .. ·This plan is. consistent 

itfttne goals and guidelines of the Brist(l)f Bay Area ?Ian and the Bristol Bay Coastal. 
·Managefrient Plan. 
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129(1): 60-76 

2'{ 1 o):. 22a:a .. 
214 

he effects of acidification in lotic systems are not well documented. Spatial and 
emporal variability of habitat and water quality complicate the evaluation of acidification 
ffects in streams and rivers. The Neversink River in the Catskill Mountains of 
outheastern New York, the tributaries of which vary from well buffered to severely 

acidified, provided an opportunity to investigate the extent and magnitude of acidification 
ffects on fish communities of headwater systems. Composition of fish communities, 
ater quality, stream hydrology, stream habitat, and physiographic factors were 
haracterized from 1991 to 1995 at 16 first- to fourth-order sites in the basin. Correlation 

and regression analyses were used to develop empirical models and to assess the 
relations among fish species richness, total fish density, and total fish biomass and 
nvironmental variables. Chronic and episodic acidification and elevated concentrations 
f inorganic monomeric aluminum were common, and fish populations were rare or 

absent from several sites in the upper reaches of the basin; as many as six fish species 
ere collected from sites in the lower reaches of the basin. Species distributions and 
pecies richness were most highly related to stream pH, acid-neutralizing capacity 

(ANC), inorganic monomeric aluminum (Al;m), calcium (Ca)2
+, and potassium (Kt* 

oncentrations, site elevation, watershed drainage area, and water temperature. Fish 
ensity was most highly related to stream pH, Al;m, ANC, K+, Ca2+, and magnesium 

(Mg)2+ concentrations. Fish biomass, unlike species richness and fish density, was most 
highly related to physical habitat characteristics, water temperature, and concentrations 
f Mg2

+ and silicon. Acidity characteristics were of secondary importance to fish biomass 
at all but the most severely acidified sites. Our results indicate that (1) the total biomass 

f fish communities was not seriously affected at moderately to strongly acidified sites; 
(2) species richness and total density of fish were adversely affected at strongly to 
everely acidified sites; and (3) possible changes in competitive interactions may 

mitigate negative effects of acidification on fish communities in parts of the Neversink 
River Basin. 

he sublethal effects of ~opper on the sensory physiology of juvenile coho salmon 
OncGrhynchus klsutGh} were evaluated. In viyo fi~ldpote~tia:trecordings,from !he 
tfactory epith~Hucn t,etectro-olfactograms? were us~d to m~asure.the impacts of copper 

es.pon~Els pf olfactory r~ceptor n~urans to. natural od<?rants (L-serine and 
olic aciO,) abd an f:fdorai;it mixture (L-arginine, ~-asparti9 acid, L-leu~iP~, ~nd L­

~rine} over a. ral"tge of :&fimulus concentrations. lncr:eases i.n. 90pper rmpairsd the 
eur<>,physiologfcaI r,esJionse to afl odorants within 10 min of e~osure, The irhibit9ry 
ffects of copper.<~ .o -20'.0 µgll) were. dose,-ctependent. anct they were not 1nfluencEfd. by. 
ater bar~ness ... ·Toxicity. thresholds for the different receptorl)athways wer~determined 

. y using tf1e. bermftmark dose. method and found to .be s1p11ar (a 2,3 .... 3.0.pg1L increase 
1ntotal dissolved copper over b!'lckground). Cotlectt'(ely, examination Gt these data 
·intli~atestflatcoppecis broadly toxic.to the~almon olf~ct0ry nervous sy&tem. ·· 
onsequEmtl~, ~horMerm rnflu~es of .copper·to surface waters .may interfere. with 
lfact<;>ry-rrrediated behaviors that are crttical. for the survival litm:I migratory success o.f 
Hd-.,., .... .., ... 
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57: 2032-2043 he abandoned copper mine at Britannia Beach, British Columbia, has been releasing 
acid mine drainage (AMO) into Howe Sound for many years. To assess the impacts of 

MD on juvenile salmonids in the Britannia Creek estuary, we compared fish 
abundance, distribution, and survival at contaminated sites near the creek with 
uncontaminated areas in Howe Sound. Water quality near Britannia Creek was poor, 
particularly in spring when dissolved Cu exceeded 1.0 mg·L-1 and pH was less than 6. 
Beach seine surveys conducted during April-August 1997 and March-May 1998 showed 
hat chum salmon (Oncorhynchus keta) fry abundance was significantly lower near 

Britannia Creek mouth (0-1.2·100 m-2
) than in reference areas (11.5-31.4·100 m-2

). 

Laboratory bioassays confirmed that AMO from Britannia Mine was toxic to juvenile 
hinook (Oncorhynchus tshawytscha) and chum salmon (96-h LC50 = 0.7-29.7% in 
resh-water and 12.6-62.2% in 10 ppt water). Chinook salmon smolts transplanted to 
urface cages near Britannia Creek experienced 100% mortality within 2 days. These 

results demonstrated that juvenile salmon ids are vulnerable to AMO from Britannia 
Creek: their abundance peaks during spring when Cu concentrations are highest and 
oxicity is greatest in surface freshwater, which matches their preferred vertical 
istribution. 

Protection of Washington. state's. ~almonids requires. that franspo~tion officials corisii::ler 
he.effect@:f susp~nded sediments released into strearnsdl;jlr,ing trarn~portation projects. 

·~ •. state and pra,wncial criteria are bas~<i .. <:>n a threst1old of exceedance tc>,r 
kground levefs·of turbidity. However, determining natural background ·1evels .of 

urbil:'.Uty is a <;tiffic~lt endeavor. The in~onsistent correlatiop belweenturbidity 
measurements and mass of susJ>err~etlsoHds, as well as the.difficulty.in~?~ieving 

lity using.turbfdirnete~ aontributes to.con~~rns, thatturbidity may notBe a 
sisten,t a~d reliable fool determinJng the effects of Sil~~ended sof/ds on salmqnids: 

ther factors •. sµch as life stag~. Urne of y-ear,, $ize and angularity of se,dirnent: · 
vail~bili~Y. of off-c,hannel and tributary hapitat, and ~omposition of sedirnentmay b~ 

more telling in determining the·effect of s~dirnent. on ~almonids in N,orthw6,stern. rivers, 
For stlort ... terrrrcon~truction projeo:ts, op13rators 'f"tll need to measure tJack:grounGI 
· Ult1idities on a c~~e by case basis fodeterrnine if they are exoeadi~~ rsg4lafion~. 
However, tr,anspGrtation.projeCt$ rha:i alsopro<:iuc~ 101~-term, chronic effe~ts. To 
dequat~IY protectsalrrt0nids durio~ tfreirtresh\Afater resii::ience, TSS data on 

pbysio.logicral, behayJoral, and f1abttateffects s.houtd t{e vtewed in '.a layercontexl, 
incor¢rating boththe spatial geo,mettY ?f suitable habitat and tile tem,port;ll changes 

ssociated with. fife htstory, year class~ ~oc:hclimatevariabiflty. Spatial and te[llporal 
onsid~ratiQns pro,yide the foundation to eleciphet legacy effects .as well as cumulative. 
nd synergistic effects on S'afrnonid protection and recovery. 
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18(2): 299-307 his study quantitatively evaluated the relationships among As, Co, and Cu 
oncentrations in exposure media (surface water, sediment, and aufwuchs), As, Co, and 

Cu concentrations in aquatic macroinvertebrates, and invertebrate community structure 
in a mine-affected stream. Concentrations of As, Co, and Cu were significantly elevated 
in both exposure media and invertebrate tissue downstream from the mine. Copper in 
invertebrates was significantly correlated only with Cu in aufwuchs, and Co in 
invertebrates was significantly correlated only with dissolved Co in water, suggesting 

ifferent mechanisms of invertebrate accumulation for these two metals. The 
invertebrate community was severely affected downstream from the mine, with a loss of 
metals-sensitive species and reductions in both total biomass and number of species. 

otal abundance was not affected. Principal components analysis was performed on the 
invertebrate community data to develop a simplified description of community response 
o mine inputs. Based on this index, metal concentrations in invertebrates were poor 
predictors of community structure. Copper concentrations in water, combined with an 
stimate of invertebrate drift from clean tributaries, were statistically significant predictors 
f community structure . 

. : 371-374 ome water quaHt:ystarrdards esta?Hshed by t~e states ~er~ft o,nly .tnioorincreases in 
uspend~d sediment when backgro~nd turbidltyis low, 8,'flow greater absolqte if¥creases 
s O:ackground level~ rise, and ~onotconsider acclimation of stre!im biota t~ hlgh 

JL!ventlecq:n,o salmonfOncorhynchus kisutcn)were ~ubjected to, 
tally elevated .concentrations of suspended Sediment and did· not·avolct 

<iferate turbidity i~~reases when tJackground tevelswere tow, but exhibited signtficant 
voidance 'll'{hen t(.Jrbidity e~ceooed a, thr~shold ~~twas r,elatively high (?>70 NTUJ and 
as varies according to previous suspended sediment exposure. 

122(4): 550-559 Sockeye salmon Oncorhynchus nerka spawn in many streams and along lake beaches 
f the Kvichak River system in Alaska, but fry from the distinct spawning areas reside in 

a common nursery habitat, lliamna Lake. In addition, Kvichak River subpopulations have 
imilar dates of adult entry into fresh water, similar migration distances, and similar 
pawning dates. These similarities in rearing environments and migratory timing enabled 

us to test the hypothesis that differences in spawning and incubation habitat alone can 
promote differentiation in traits associated with reproductive success. River-spawning 
ockeye salmon tended to be larger at age and older than those spawning along island 

beaches. Females from rivers were more fecund but had smaller eggs than the beach­
pawning females. Males from beaches were deeper-bodied and (in one comparison) 

had relatively longer lower jaws than males from rivers. The tendency of river-spawning 
emales to mature later than beach spawners may be related to a higher marine growth 
rate and greater increase in fecundity with length. Differences in male morphology may 
reflect the countervailing pressures of natural and sexual selection. We conclude that 
hese patterns of variation reflect, in part, adaptations to spawning and incubation 
onditions of the populations. 
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14: 289-295 ffe effect ofan embedded substratum on emigmtton and groVlfth fn juvenile .~rown trout 
a~ investigat~d in an af1ificial stream with !?8f1d adcled to prl'dduc,~ secti()flS. of 
mbedd6ci Grnbnembedded sut1stri:ttum: Fishwere,8,tfow~d tp leave thesecti(jf}Sand 
ere caught daily in a downstream trap. After catching and counting, fisf!l were put back · ·· 

in their original section in o~derto keep ttye same amQqnt offisl:l. Captureswere high 
oly onfhe first days after fi~h r~le"ase. Suring tf}e first 6 davs after fish. re.lease, 
ownstrearn-movilig fish \Aler.a, more numerous in tb8: embedd~d than il1 the 
o,nemtsa~ded sections. The embeqcled substratu~ significanUydecreased the final 

·· meal"l boa,y weightand sendition fact,or a!!d incr~~se.c;t he.terogeneify infish size. We 
esUfiat a decreas~ Jn the hab.i.tat carrying ei:tP~cifyfor juveniles could be the main 

cter exp/(llning fl:l.1!> .result.. 

he tJS Geo/ogiei:tl Survey and the National Park Service concfucte'd. a water-qualitY 
irivestigation e>fthe Kijik .. River Basin in Lake CJark: NationalPark arid .Pn~~erve from June 
0(,)4 to March 2005 • .Tf'le Kijik Ri~~r aasin was studied t,>ecaus~ Jt has a productive 
ockeye salmon.run that. is. ifl1P?ftant to tbe .larger Kyichak River waterstlect Water-

. ~alify, physicalhaoitat, and biological characteristics were assessecl, V\(ater {)'Pe 
nroughout the K~ik RiverBasin is. calcium picarbonate although Little Kijlk. Riverabove 
fjik~ake .does have slightly higher con:entrajions of sulfat~ and chloride .. Alkalinity 
oneentrations are gerieratly IE!s~ than 28 milligrams per Hter, indicating a low bufferiri:g 

Uy of~hese waters, Lachtmna Lake traps much of tfle suspendE:!d sed.imenUrom 
he glacier streams in the h,ea'4twaters ofthe basin as 6¥ide~ced t>:Y: to.IAT ~etcfli,-dis~. 
ransp~rency of 1 to 2 meters and law suspend~d sediroent conc:entratiens in the Kijik 
Riverdownstream fromthe lake. Kijik .Lake is feet py qlearwaterstreaf'l'.'ls a~dhas seccf1i­
isc reactings ranging from 11 .~o 15 me~ers. Streambedsedirnents cott~cted fromJour 
urta:ce .sites analyze9 for trace ete,ments. inpicatedtttat <arsenic concentratrons at au 
iteswere aboveproposed'gUldeHnes. HoVl!ever, arsenic conc~n!r~ti~ns are dµe tolhe 

I geotogy,. not anthropogenic factors .. Benthic f'l'.'lacroinverfebrate'qt:'alitatiye multi-
mples coltecte'd from two si!es:on the Little Kgik River anct two site~ 011the ..... . 

main stemof the Kiji.k Riv~r ir,tdicateda total of ag. taxa present among the foµrc sites. The 
tass. tns~cta: made up the l~rgest percenta~e of m,acroinvertebrates1 totaling 70 percent! 
.f the families found .. The ins~cts were cof'l'.'lpris,etfof four orders; Oiptera.,(fUes and 

midges), Ephemeropter~ {ma'yftiesj, Plecoptei:a {stonefli~s), and Trichoptera 
caddlsfHes). On~-hundred twenfy-two sp~cies of periphYfl.c al{la~were identi~~d In 
ualitative multi-habitat sample~collec,te,o,~t the four stream sites. Eigfitspecies ofnon- .. 

motile, diatoms were, collected i:c,>fl1all fovrstream sites suggesting thattheateas from 
hich they were colfected are relatively stable and unaffected t>y sedimentation. 
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141 Cominco Alaska Exploration is pursuing a mineral exploration project, the Pebble Copper 
Prospect, in the area of the headwaters of the Koktuli River and Upper Talarik Creek, 
north of Lake lliamna. The prospect site is on the divide separating the Upper Talarik 
Creek and South Fork Koktuli River watersheds, and very near the divide between these 
wo watersheds and the upper North Fork Koktuli River watershed. Reconnaissance 
level investigations were undertaken in August of this year to gain an understandng of 
he distribution and relative abundance of fish species in the area and of the factors 
hich may be limiting that distribution and relative abundance. Information was gathered 
n fish occurrence within the upper basins of the north and south forks of the Koktuli 

River, Upper Talarik Creek, and the small basins tributary to the Chulitna River and on 
actors influencing distribution and relative abundance. Potential impacts of prospect 
evelopment will be addressed in later phases of investigations. The purposes of this 
echnical Memorandum is to summarize the results of these preliminary investigations. 

Vf2}: 405'-4~~ n intensive research •. program was conducted .io.1961 anq 19,62 by ttif:I BurEfau of 
ommercfal l:isherfei> Biole>Qical~aboratory.~ Auke. Bay,Alas~a~ and .• the Fisheries 

Reseat~h Institute, University of Washington, with ~he coeperatiofl ofthe Ala~~a 
D~p:artmen,t of Fish and Game. Many so~keye salmon river svstems were studied 
oncurrentlywtth essentiall}' the same techniques so that systems covering the entire 

· ange of production levels could .be compared. The ge:nera! objective of this resErarch 
as·~··· ~~termilie .the optimum escapement of sockeye salmon f()f eac~ of the rnaJor 
ystems .. This was. accomplished thrt)uQ .. ratic:m.of.the results of seve,ral related 
tudies: (1) su;mmariz;ation:and a1'atysis of .. .icat.and current9~ta on runs of.adult 
o~ke)'e salmon, (2} deHneation and (iescri~tion of spawning areas. and esfimatiQ~ of 
heir. capacities, (3)delineation and description of thenurs~fY area5' and"estfmation of 
neirca,pacifies. Tnernajorsystems studied were the WOocl, Kylctrak, Naknek, and 
Ugashik systems, which entf:~r Bristol Bay; the Ghigpik system; on the south i:rlde of the 

Iaska F>enin~ula; anet. theKarluk ~ystem, pri Kodiak Island. Adult sockeye salmon Jn the, 
omroercial riatches and.escapements; andso:key~salmon srn,olts, were counted Bf1d 
ampled. Spawning grounds were surveyed to tletermin~ their. size and quality an€! the 
istrib~tion arrt;I abundance of spawners: Batliymetricmaps were .. .prepareq for same of 

he nursery lakes. lnte~sive limnbtogicalstudles,lncludin~a maJor"efforttomeasurE! 
rimary productivity, were rn;ad~ on man~".nursel)' lakes: Severa.I types of gear sa,mpted 

·uvehHe sockeye salmon and a~sociated speci~s inthe lakes. lnt,erim optimum or target 
scapE:}men~s required f~r hrg:l:lest production on a sustalned-yield

2

basis have been 
sta~Hshed for each major system. 
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43(26): 989-992 Over the past decade, accelerating rates of species extinction have prompted an 
increasing number of studies to reduce species diversity experimentally and examine 
how this alters the efficiency by which communities capture resources and convert those 

145 

into biomass. So far, the generality of patterns and processes observed in individual 
tudies have been the subjects of considerable debate. Here we present a formal meta­

analysis of studies that have experimentally manipulated species diversity to examine 
how it affects the functioning of numerous trophic groups in multiple types of ecosystem. 

e show that the average effect of decreasing species richness is to decrease the 
abundance or biomass of the focal trophic group, leading to less complete depletion of 
resources used by that group. At the same time, analyses reveal that the standing stock 

f, and resource depletion by, the most species-rich polyculture tends to be no different 
rom that of the single most productive species used in an experiment. Of the known 
mechanisms that might explain these trends, results are most consistent with what is 
ailed the 'sampling effect', which occurs when diverse communities are more likely to 
ontain and become dominated by the most productive species. Whether this 

mechanism is widespread in natural communities is currently controversial. Patterns we 
report are remarkably consistent for four different trophic groups (producers, herbivores, 
etritivores and predators) and two major ecosystem types (aquatic and terrestrial). 

Collectively, our analyses suggest that the average species loss does indeed affect the 
unctioning of a wide variety of organisms and ecosystems, but the magnitude of these 
ffects is ultimately determined by the identity of species that are going extinct. 

Pac;i(ic salmon and otfier apadromotis satmonicts represent a majot vector for 
ransporting marin~ n~trients,•acr~ss ecosystembcm11daries. (i.e:: from marine to 
res.hwater.an~ terresfoal ·ecosystems) .. Sa Imo~ car~asses provide .nutrients .. and energy 

iota withiRaQUatic and terrestriaiecosystems thfQugh various patliways. Jothrs P2PE¥r 
review. and synthesize th~ growing number of studies d9curnenting this processin ·. 

ifferent tocafities. yve alSo d.iscuss the implicatio.ns.f~rmaintai~ingthe nt;JtrienUeedltack 
·ystem. Our ffndiffgs show that f!Jture rnanagemenfwill.need to view sf)awnin.g s~lmcm 
nd their •garcass~s as fmpgrtanthabitat components for sustaining tfie production of fish 
s wetl as oth'er iralrnon~dependent specleswithin watersheds. 

Mean length, mean weight, percentage by age class, sample size, and standard error 
erm statistics are presented by gear type for samples of Arctic grayling Thymallus 
arcticus collected over a 26-year period (1964 through 1989) from waters of Southwest 

laska. Of the 10,298 records summarized in tabular form, age estimates, based on 
cale samples, are available for approximately 7,043 records. This document is the 

most complete and uniform summary of available size and age information yet to be 
published for wild Arctic grayling stocks found in Southwest Alaska. 
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73(1 ): 91-98 

ang!er ~tfert survey was coaductE;id o~ the Al~gn.ak River from, 10 June :..10 August; 
000. Thll> w,as a ·c::otlaberativeceffOrt between the Alaska DE:lJ>,art~nt .et fish a.nd Game ..: 

Division o! SpQrt Fish (ADF'Ga}, the Nattonat Park Service (NPS), and the Bris!al Bay 
tive A~so~iation (Bli3NA}. ADFG Pf()v'id.e'd.detailed. datacollect!on instructJon,s.and 

niQal (eview of th.e proJec,t desfgo. SeveraLprobterns were encountered during the 
roject and tt was not C({ffi,Pleted as scheduled.However, tlie (/;lata collected lndicate,d 
h~t during thestudyyearthere.was heavier use.of.the towerriver.than the upperrl~er 
na. ~eak use accurred during :July. Rafts were mostcommorrJn ttletlpperriver and 

eased in fre(JuEmc,y with each d9wn.~rea.m,. segment Overall u~e W8,:S dominateef by 
atm,onfishery in thetielat section. These data w~resubsequently used by ADPGto 

p desig.n a m?re compretrensive Alagnak River Chinook and coho.salmon creel 
urvey conducted during 2001 am;! 2002, 

uvenile coho salmon (Oncorhynchus kisutch) production (tissue elaboration) was 
monitored in 12 laboratory streams under six replicate treatment levels of fine 
edimentation. Increasing sedimentation supressed fish production. Our data confirm 
hat habitats of salmon id juveniles, as well as spawning areas, should be protected 

against fine sediments. Substrate Score, a visual technique for evaluating stream 
ubstrate quality, correlated closely with both the geometric mean particle size of the 
ubstrate and fish production, and can be easily applied in the field. 

1. The uptake of heavy metals via the alimentary tract can be an important factor for the 
metal budget of fish. 2. Concepts such as biomagnification, bioaccumulation, 
biotransference, or concentration factors, convey little information about the real threat 

riginating from heavy metals in an aquatic food chain. 3. In polluted aquatic ecosystems 
he transfer of metals through food chains can be high enough to bring about harmful 
oncentrations in the tissues of fish. This relationship is called the food chain effect. 4. 
wo kinds of ecological factors influence the food chain effect: firstly, high levels of 
ontamination of the food, and, secondly, the reduction of species diversity. When 
usceptible species are eliminated, metal-tolerant food organisms may become 
ominant. Their tolerance may be based either on their ability to accumulate excessive 

amounts of metals or to exclude heavy metals from the tissues. These two strategies 
represent feedback mechanisms which may enhance or weaken the food chain effect. 5. 
It is concluded that future investigations on transference of heavy metals to fish must 
ake into more careful consideration the specific ecological situation of a given 
nvironment. 

EPA-7609-0000586-0642 



134 
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3 

rfstel Baf .l'v1anagement .Area ~mpports the largest sock~ye'salmon · Qne.ortrynchus nerka 
in the wortd. Akey to the sustainabilit~of the fishery has bee11 consef\(~tion of 

rf;ye salmonbi?diversity, which is derived fro,m awide vari~ty of life tiist?ry types am;i 
multiple distinct, l?cafly aGlapted populations. Alasl<aOepa~mentof Fish an<:t Game is 
esponsible for m.~naQiO:g commercial fisheries in Bri~tol Bayunderthesustai~dyield 
rincipal, Accurately estim<ating the stock eomposition of catch within tl)e fisning districts 

is crtt!cal to determining the total run ( c~tc~ arrd escapemen.t}.<,>f each sto,ck, ·especially 
onside.ring that sockeye.salrn?l'l stocks in.Bristol Baycan be explo.ited at rates up to 
0%. In recent yaars,. the deR.artment .Ms deve/opad .. a genetiespr~gram for sockeye 
alrnori in Bristol Bay fo develop and apply 9,enetic metho<;is to identity the stock 
omposltionof rni~tires {mixed stockflnalysts; l'v1SA). Here.we imtestrgatewherefish 

· o(n T;iifferent stacks are eapfured in .the commercial fishing districts during zcroa, 2007, 
nd 2008 and compare th,ese results to those based on ttfe traditionatly used method of 
~e-based MSA. .. Results from genetic data support results fron1 previous studies 
tiow.Jng that high proportions of the sfoc,ks.captured in, flshin~ft;Us~ricts were under~ or 
ver estimated.by large.amQ~nts (2%-4S5%7, and th:at the$e new estimates ~ulted Jn 

·· iderab!yf;Jffferent estimates oftota,I rupbystock (1%-164%} compar(!)dtofraditional • 
s,. J'he m~gnitui:te pf these differences varied among ye.~rs, big~Jigliting the 

for developing starrdardized adJustf11en,t. or re~ults .from the age:.compositi(ln 
method:: fl!iure analys;es will. combine .the genetic estirnates pre$ented in th, is report with 
at,afrom other yea~ to produce more accu~te esti~tes .oftotal run, which wm likely 

·lead te changes in°escapement goals for stocks in Bristol Bay. 

None 

None 

None 
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lnformatlO:n'ab'out the r~d $Simon runs·and the s14awnirr9 strearf1s and· beaches i?tJ'te 
vichak Ri~r SY,ste!TI,. BristqLBay, 11.laska, ts 9&tafoged .in tfHs va:lume .. The material is 
BmPifed from data obtaiRed from sj:Yawnirrg ground 8,Urveys ma~e in. the. area since 

195$ by the •Fishef!es Research Institute olthe. University of Washin,gton. Eartter work: 
as finance,fby the salmon canners of Bristol Bay. IRrecentyears the. work was 
upRotted by the Bure'au of Comniercial Fisher:ies. For each sp8\vnfhg stream or'beach, 
he catalog gives, whenever available, the sn:eam <?atalag number, name, location, and 
hysicaf::descri~tion, inclilaing dimensions, bottom quality, flow barriers, watershed size 
nd typ~, vegetation,. g~dient, water velocity,, estiTated flow, air and water ternperature, 
m'.:l general infc:rmation in duding shelter, ~Uf\',~ ra.utes and methods, per1rooal-use 

ries, ~nd wildlife species: Thena description of red $'almon runs to the area .is 
' including magnitude of the run and tirning and distr,J:bution of sp,awoing. estimates 

f numbers of red salmon fo each str~qm or beach are listed. chronological!¥ under a 
eparate entry entitted "Surnmary of $t1rveys." 

large and growing body of literature has documented the transfer of marine-derived 
nutrients from the ocean to freshwater and riparian systems by semelparous Pacific 
almon Oncorhynchus spp. The pathways by which these nutrients reach resident fish 

are often indirect, and the evidence for direct benefits to the resident fish is not always 
onclusive. However, the consumption of salmon tissue (in one form or another) by 

resident fish would constitute a direct and efficient pathway for energy transfer. We 
tudied a population of small-bodied, nonanadromous Dolly Varden Sa/velinus ma/ma 
eeding on the fry and eggs of sockeye salmon 0. nerka and blowfly (family 
Calliphoridae) larvae that had fed on salmon carcasses at a series of spring-fed and 
therwise unproductive ponds in southwestern Alaska. The Dolly Varden fed heavily on 
ockeye salmon fry when available, shifted their diet almost exclusively to eggs after 
almon spawning commenced, and then shifted to blowfly larvae toward the end of the 
eason. Dolly Varden large enough to eat eggs moved into ponds where sockeye 
almon spawn synchronously with the arrival of the salmon, and Dolly Varden growth 

rates increased greatly once salmon eggs and blowfly maggots were available. Young-of­
he-year Dolly Varden, which were too small to eat eggs and fry, were concentrated in 
mall streams between ponds where fewer sockeye salmon spawn, perhaps to minimize 
he risk of predation from larger conspecifics. These results indicate the importance of a 
pulse of salmon-related food resources for this population of resident fish and their 
adaptations to take advantage of these resources. It is likely that similar dependence 
ccurs in other systems where sockeye salmon produce a suite of temporally predictable 
nergy resources; thus, resident fish may depend on large populations of salmon. 
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· ~his pa,:per f1rovides an estimate of the economic value ofW:Ud safmgh ecosystems. in ttt~ 
·majorwatershed of Bristol Bay, Alaska;.'fhe analysis.uUU~e5botn.reQiQnafecooomicand 

ocial bene.ttt-costaccounting frameworks, Key sectors analJ',Ze'd include subsistence, · 
omm~r<1ial fistling, sport .fishing, huntinQ, andnonccmsumptive wildlife ~iewing and 

·sm .. The mi~ed .cash-subsist~nce economy .of BrtstorBay. supi:>orts a J:>op.ula,ttpn of 
1 (~OOO census) that Is ~7 pet'cent Alaska Na,tfife. Estimated expenditures .and net 

conomic values for a.ti sect~rs w~re based on a l.iterattlre review arrd ~vailable data, 
Ith the .. exception that original dat~ was colfected for 2G05 o,n tfie sport fish sector using 
random sample of licen:Sed Alask'a anglers. Methods .fncluded use of a regional if1put~ 
utputrnodel·maiflltained at theJJniversity of.Alaska, and su~ey research f!Od.contingenti 
aluatio:n. methods for the ~pQrt fishermen; Potentrat respondents included ass resident 
ngters and 1,51~ .nonresident angle.rs cpntacted ttt~ougo a malt/internet ~pproach. 
ddltlonally, 300Hcensed anQlers, 3~0 clients of Brist,ol Bay fishing lo:dges, arrd46 todg~ 
wn,ers were coptacted throu~h a maHsurv~Y· Response rates . from 25.6 percent 
or resident anglers to 44.1 p~rcent for non~esrden,ts. Esti~ted di expem;titu~es/sales 
ere $2~4,4 million in 2005 for commercial fishing and Pf?Cessing, $61 mill.ion for sport 

ing, $1:7.1. million forwfldl~fe .viewing, $?~2 million for subsistence•retated 
e~ditures, .and $12.4 mifHon·fOr sport.hunting; Nearly tOQpercert of the. priv~te liasic 
or, in Bristo( Bay and 5,54p fUl.f::.ti!Tle equivalent jobs ~re supported b~ this $324 

million ~stimated direct economic impact associated witl'l wfld s~Jmqn ec0system 
eNices, Direct n~tecono!Tli<J yalues are estirnat~cl at $104·mitlfon to $179 million per 
ear, and are primarily associated with the sµbsistencesector.. 

his report summarizes sport fisheries addressed in Bristol Bay proposals to the Alaska 
Board of Fisheries during 2009. Fisheries include Nushagak-Mulchatna Chinook salmon 
(king) Oncorhynchus tshawytscha, and Brooks River and American Creek rainbow trout 
0. mykiss. The sport fisheries are described, and estimates of sport effort, catch, and 
harvest, and escapement are provided. Overviews of management for each fishery are 
provided, such as pertinent sport fishing regulations and management plans, including 
he Nushagak-Mulchatna King Salmon Management Plan and the Southwest Alaska 
Rainbow Trout Management Plan. 

he e.l'fects .ci(cflm~te ~arm,ing on the t~ermat habitat of ~•r species •of fish of the· u,s. 
ere estimated using results far .a doyt;jfing. of atmospheric carbon dioxide tttat were 
ed{cterd by. the Canadian CUmate Center general circulation modeLf3asetine water 

peratore P'oncj:itions,were.calculat~dfrom data collected qt 1,7~0, U.S. Geological 
eystream monitoring stations a°'ross t~e U,S, Water Jemperaturesafter predicted 

tim~te cf:iange were obtained by multiplying air temperature.changes by 0.9, a factQr 
ased.on,severatfleld studies, and. adding them t?baseline,wat~rtemperat~res ~t 
tations in corresponding gridoens, Results indic~~ed tha't h~bitat.forcold andeool.water 
1sb,wouldbe reduce,d by ·50%, at:(d that this effect would be disti:ibuted througfroJJt ttte 
xisting range '()f thes.e sJ}ecies: Habitat losses were greater among species with &malfer .. 

inftiaLdtstribl1tlens <?nd in geographroregions with .ttfe greatest w~rming (e~g. ttte central : 
·Midwest), R~sultsforwarmwater fish, .f:Ya.bitatwere•less certain becaus~ of thepQ?r sta,te 

f knowle<;Jge ing their high ~nd low temperature toler~A~es; ~oyvever, the .habitat 
fmany spe,ci~s o . is thermalgulfdJikel}l \o/111 also,be substantially reduced by cHmate 
armlog:1 where~s .• t.lle .l"\<;l~it~t ofot.ller sPeP:ies .wJJt be increa~~Q. 
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Ecological risk assessment (ERA) has become an essential tool for determining impacts 
o biological receptors as a result of contamination from metal mining facilities 

(Brumbaugh et al. 1994, Canfield et al. 1994, Ingersoll et al. 1994, Kemble et al. 1994, 
Pascoe and OalSoglio 1994, Pascoe et al. 1994, Linkov et al. 2002). The United States 
Environmental Protection Agency (EPA) Risk Assessment Forum developed the 
Framework for Metals Risk Assessment (2007a), which is a science-based document 
hat addresses the special attributes and behaviors of metals and metal compounds to 

be considered when assessing their human health and ecological risks. To date, efforts 
have been designed to address the impacts or risks posed by metals contamination 
ubsequent to mining operations. Few, if any, ERAs have been directed at pre-mining 

impacts. Smith (2007) provided strategies to predict metal mobility at mining sites 
hrough evaluation of source characterization, geoenvironmental models, geoavailability, 

and metals speciation; controlling physicochemical attributes (e.g., solubility, pH, 
orption) in aqueous environments are discussed relative to their potential to alter metals 

bioavailability. The relevance of historical information on metals contamination 
associated with other mine sites, along with the potential for acid mine drainage (AMO) 
and metals release and exposure, based on review of the baseline data and 
eochemical characteristics at a site, have been used to develop both quantitative and 
ualitative predictions of risk. The present ERA is designed to analyze and portray the 

potential risks to globally significant salmon resources of the Nushagak-Mulchatna, and 
Kvichak river drainages (proximal headwater areas) as a result of large-scale mining and 
associated facilities. These risks include both physical destruction and alteration of 
almon habitat, in addition to probable effects from changes to water chemistry and 
ther supporting habitat as a result of AMO and the influx of metals within the aquatic 
cosystem from various sources. Although the ERA generally presents impacts to 
almon from loss of food resources such as benthic invertebrates, it does not focus on 
pecific effects to these fauna. Similarly, although risks to non-anadromous fish within 

potentially affected stream segments may be similar to salmon, these taxa are not 
addressed individually within the ERA. 

he 5,tudy ex,am,ined tWo ~ompE:Sting hypo!heses ~e~kingJo·explain the Kvichak ~ycle: 
( t) extstence of a depensatory Sll~nt indapef1dent .of the fishery and (2) depen~atory 
1shing ... The first hypo,thesis was implicit in~the st~t1JS quo harvest policy. A,'!ailable data 
~re ar1alyzed to ~valuate the altem,afive hypotheses, . Little evidence fordirect 
epen~~tory mortaHty independent ort,he fishery was found, how~ver, productiorrwas 
epres~ed in brood years following lartfe escapem,en,t. broo? years~ ln actdftron,.the 

lshecy itself w~s. found to be extr~mely depens,atory. A stochastic emp1rical computer 
imulationmo(jel iri:corpora,tlng processes founq. in the data analyses was usea tcx 
xa,mine the consisten~Y of .brood ¥ear intera~tion with th~>ciepensatory fishing 
ypothesis and historic~! cycHc patterns in ~h:e;Kvichak run: Tne model Pfe'dicted weak. 

· erRs. in the um~xploited ru[l .and strong cyclic patterns, conslste~t with the 
pa,tem, in the run expl9ited under the status .. quo harvest P'>,licyofcyelie 

pemei;it gtJ'als: :'fhe model wastnen used to evalu,ate the alternative harvest 
ies, "Fhere were almost no differen,ce~Jn simulated "G'atehes under the statu,s quo 
static fixed esca,pement goal and st~tic rat~ ofexpl~itati<rn policies. SubS:fafltial 

Jn sim,iJtat&d catch occur,redwitt: a dynamic poticy ?f altemate years offfigl"l 
apments folfowing ·y~ars of low escapement. .. · This hcirvest.poHqy: can be Ph<:tsed with 

he. cvcle ofresultingruns·nasect ?n a !orecast :of futurerun;s, The study suggest~d that 
he prese11tK'Vifh~k sockeye managementpo,Jicy shoutd be altered by reducing the 
r~peak escapment goal and establishing a second peal<cycle run. 
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7(2}z 68-92 

he Kvichak River of Bristol Bay, Alaska, is one of the world's largest sockeye salmon 
producing systems. This paper reviews and documents past management practices for 
he Kvichak River sockeye salmon. Fishery harvests are managed to meet a biological 
pawning escapement goal set by the State of Alaska and regulated using management 

plans adopted by the Alaska Board of Fisheries. Several measures of inseason run 
abundance are used to determine time and area of fishery openings that allow the 
scapement goal to be met and ensure that escapement is obtained throughout the run. 

Returns to the Kvichak River have been relatively small for seven of the past eight years. 
o hasten rebuilding of this run, the Alaska Board of Fisheries implemented additional 

management plans in 2001 that limit incidental harvests of Kvichak River sockeye 
almon. These restrictions were effective in decreasing the catch of Kvichak River 
ockeye salmon, but total escapements achieved in 2002 and 2003 were still below the 

lower end of the escapement goals thought to produce the greatest catches in the future. 
hile small runs and resulting low escapement levels have restricted commercial and 

port fishery harvests, sustainability of this sockeye salmon run does not appear 
hreatened at this time. The escapement goal for the Kvichak River is set at a level that 
provides the greatest potential for obtaining maximum sustained yield. While it is unlikely 
hat escapements below the goal will provide high yields, past performance of low 
scapements has demonstrated that the Kvichak River run is still sustainable and has 
he capacity to produce large returns when conditions are favorable . 

. Ince 1960, the: Divlsion of Subsi~tence: of the Alaska Department of Fis,h and Game ha$ 
ucted research on con~empora~ ~unting, fishing, and g~thering in Alaska NativE;I 

d other rur~I Alas.ka communities. This paper dei>cribes the di.>itision's reseaf'ch 
ogram and ~ome tne results. otthe ctivision's studies. First~. th~re is an o'¢erviaw o{ tne ~ 

and feQeral legislation which provides a preference for sut>sisten~e uses'in ~. 
maQagement ;and affocation~decisions ....• Next, the division's r~searah methods 
ssea., followed by a sumr,nary of sqme o(tl:te recent findings abouttl:fe role of 

ubsist~nee, us,es in the rni~ed su~~istence-based economies ?f Alaskan vilfages. A 
escription of.a "baseline" studyin the~Central Yop'ik Eskimo village of Manokotak 

iflustrates the kinds of information Whi{!h the division has c~llec,tedJor aboUt151 
1co1nmuni1ties. !he paper also ilh . .1strates how these datP. .. h~ve been api:>lied in resource 

anagerhent decision5:. In. conclwslof1, the paper speculates at>ovt the fub:Jre of the 
rogramin tightofco4rtdeclsfonswhich may eliminate the legal protecfionswhioh have 
ertalned ~to •. subs.istence.oses.in.Al.aska .. since.1978.: ·· 
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05 his report presents updated information about subsistence uses of fish, wildlife, and 
plant resources in 5 communities of southcentral Alaska -- lliamna, Newhalen, 
Nondalton, Pedro Bay, and Port Alsworth. The Division of Subsistence of the Alaska 
Department of Fish and Game conducted the study in collaboration with the National 
Park Service and Stephen R. Braund & Associates. The Pebble Project is a proposed 

pen pit mine located 18 miles to the northwest of lliamna and 18 miles southwest of 
Nondalton. The potential development of the mine requires updated baseline information 
about subsistence harvests and uses. Information was collected through systematic 
household surveys and mapping interviews. Scoping meetings were held in each 
ommunity to elicit ideas about research questions and to learn more about issues. After 

preliminary study findings were available, a second round of community meetings took 
place to review the results. In total, 116 households were interviewed, 79% of the year­
round resident households. The study documented the continuing importance of 
ubsistence hunting, fishing, and gathering to the study communities. In 2004, virtually 
very person in each community participated in subsistence activities and used wild 

resources. Subsistence harvests were large and diverse. Estimated wild resource 
harvests were 469 pounds usable weight per person in lliamna, 692 pounds per person 
in Newhalen, 358 pounds per person in Nondalton, 306 pounds per person in Pedro Bay, 
and 133 pounds per person in Port Alsworth. Most participants in this study reported 
heir subsistence uses and harvests have changed in their lifetimes and over the last 5 
ears, due to reduced resource populations, shifts in the locations of moose and caribou, 
ompetition with nonlocal sport hunters, and a warming climate. Residents voiced 
oncerns about the potential development of a mine and the construction of a road 
hrough and near their traditional subsistence harvest areas. 
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132: 450-467 

Each year thousands of Alaskans participate in subsistence activities including the 
harvest of wild resources from Alaska's fisheries. Subsistence fishing is an important 

lement of Alaska's social and cultural heritage, as well as a crucial component of the 
ubsistence sector of the state's economy. This report summarizes Alaska's 2007 
ubsistence fishing season based upon subsistence permit data and harvest 

assessment surveys from across the state. New information is compared to findings 
rom previous years and the results are discussed. Where appropriate, harvest 
information from "personal use" fisheries is included. Additional information from federal 
agencies regulating and administering certain subsistence fisheries beginning in 1997 is 
included where available. 

his final report pres~nts the results of an ethnagraphic pr?ject .th:at if1vastigated h?W 
~mrnes in ~ commun(ties ()fthe. K)/ichak District of t~e Bristol.. Bay ·Management Area ~f 
outQwest Alaska develop suusistence fishirrq strategies, such as when to fish, where to 

1sh, W,:ho to fish with,.and how 11)Uch to harvest, in response to. changing soci?cultural, 
conom,ic,and envirqnmentalcjrcurnstan~es. Research.fl'"lethods 111.ctu!'ied participant 
bservatron at fish .camps, ~ey: ~~sponden1 intervi~ws, family case studies, anp 
ystematic househQltt suM~yg. ·This rep~~ de:s?rlb~sca,se. ~xamples of,summer 
ubsistence fishiri? for sock~ye satmonQ17corfl;:nchus11erka, exartjpl~s ofSubsisience 
1shiJl'g in theJaUfor spawning soc~ey.e~atn;ion? an~ a reviewz<?fthe use of seine nets as 
subsistence sock.eye salmon fishing metnad,. at Nondalt()n. t,he report co11ctudes that 
A~ subsistence fishery is vital to the way .o.f l·ife of the st~dY communJties, and is, 
cc?mpUshed· in "8fl efficient.and si,Istainable. manner in.formed .by traditional knowt~dge. 
nnua~ and long terfl'"I variations in the fishery ar~ shaped l}y a eomple,x set ?f 
nviron'!lentar, econofJ'"lie, .cultural, and personalfaetors. Also, finc;iings based on 
O:us~hold surveys and permit re~ums suggestttJaf relying sotety,on permit .returns 
esuJts in ~11 u,nderestimate•of subsistence soekeye salmon .. harvests'. Additiqnal outr~acti 

is/necessary to encourage ho4aettetds to obtain permit~ and keep accurate rec:ords of 
heir harvests. 

bandoned tailings and mine ad its are located throughout the Boulder River watershed 
in Montana. In this watershed, all species of fish are absent from some tributary reaches 
near mine sources; however, populations of brook trout Sa/velinus fontitalis, rainbow 
rout Oncorhynchus mykiss, and cut-throat trout 0. clarki are found further downstream. 

Multiple methods must be used to investigate the effects of metals released by past 
mining activity because the effects on aquatic life may range in severity, depending on 
he proximity of mine sources. Therefore, we used three types of effects -- those on fish 
population levels (as measured by survival), those on biomass and density, and those at 
he level of the individual (as measured by increases in metallothionein, products of lipid 
peroxidation, and increases in concentrations of tissue metals) -- to assess the aquatic 
health of the Boulder River watershed. Elevated concentrations of Cd, Cu, and Zn in the 

ater column were associated with increased mortality of trout at sites located near mine 
aste sources. The hypertrophy (swelling), degeneration (dying), and necrosis of 
pithelial cells observed in the gills support our conclusion that the cause of death was 

related to metals in the water column. At a site further downstream (lower Cataract 
Creek), we observed impaired health of resident trout, as well as effects on biomass and 
ensity (measured as decreases in the kilograms of trout per hectare and the number 

per 300 m) and effects at the individual level, including increases in metallothionein, 
products of lipid peroxidation, and tissue concentrations of metals. 
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52(10): 917-928 Because of the burgeoning interest in salmon, growing indications of their ecological 
importance, and recent calls for management to consider the role of salmon in aquatic 
and terrestrial ecosystems (e.g., Larkin and Slaney 1997), we take this opportunity to 
review what is understood about the function of salmon as key elements of ecological 
ystems. Our objectives are twofold. First, we expand on previous reviews of salmon 

(Willson et al. 1998, Cederholm et al. 1999) to include recent research that has amplified 
and modified earlier ideas about the contribution of salmon to ecosystem processes. In 
oing so, we describe the composition, magnitude, and distribution of marine inputs to 
reshwater and terrestrial systems via salmon. We use an expanding group of studies 
pertaining to stream nutrient budgets and salmon physiology to construct a schematic 
hat illustrates salmon-derived products and the pathways by which they enter and are 
retained in aquatic and terrestrial food webs. We then consider the ecological variation 
associated with salmonid ecosystems and how this may influence the ecological 
response to the salmon input. Second, we consider how this variation in ecosystem 
response may influence management and conservation efforts. We conclude by 
uggesting new research directions to help fill the gaps in our current understanding of 
almonid ecosystems. 
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9.; .379 .. 393 

Spawning migration of adult male chinook salmon Oncorhynchus tshawytscha was 
monitored by radio telemetry to determine their response to the presence of metals 
ontamination in the South Fork of the Coeur d'Alene River, Idaho. The North Fork of the 

Coeur d'Alene River is relatively free of metals contamination and was used as a control. 
In all, 45 chinook salmon were transported from their natal stream, Wolf Lodge Creek, 
agged with radio transmitters, and released in the Coeur d'Alene River 2 km 
ownstream of the confluence of the South Fork and the North Fork of the Coeur d'Alene 

River. Fixed telemetry receivers were used to monitor the upstream movement of the 
agged chinook salmon through the confluence area for 3 weeks after release. During 
his period, general water quality and metals concentrations were monitored in the study 

area. Of the 23 chinook salmon observed to move upstream from the release site and 
hrough the confluence area, the majority (16 fish, 70%) moved up the North Fork, and 
nly 7 fish (30%) moved up the South Fork, where greater metals concentrations were 
bserved. Our results agree with laboratory findings and suggest that natural fish 

populations will avoid tributaries with high metals contamination. 

Pacific salmon 0FJcomynch1!$ sp~, t>fa,yacentrat role in coastal ecosystems that nm the " 
North Pacific ()c~an. Given the e~ological, cultural, and economic importanc~ of.Pacific 
afmon, there is great interest in defining the magn1tude and. frequency .of ctlange in 
hes~ffsf1 stocks ... Fisheries scientists, thrQughanalyzint;i harvest.r~cords .• l)ave 
emonsttated ptonoun,ced, salmon J:>rOdUctic:m v,ariability .•. Thei:causes underlyirlg such 
arked fhJctoations are curre~tly ~ebated. Cotfating harve,st records across abrtJad 

rapl;Jic range over the past-80 ytt~r,s. fisheries scientis~ h8,¥e advanced a ptausible 
rgo,ment thatclirytate•int:1u9ed Oc~anographic chaf;\ges e~plain a Significant fnaction of 
he variation in s~tmon, catch reco:f'ds,. Howev~r, withoutdata thatpredate the 
•introductton~f large-scale. hYman interventions {e:g:, compercial narves(ing,dams. 

atchery relea$e~), it is difficult ts isolate}he role ~fclimateirt shaping fish. stock 
ynamics. Within the past decade,howeve~. we .have deyelQped a pateoHmnotogioal 
ppro~cf\ f0rtracking past s,ockeye s~lmon on;c.orhynohus ~erka ~pulation 
t)uh(:lance$, andnumerous paper,s liave applied ttils approach to inf~r charlgesln these 

~isf\ o\rer 1the pa~t hundreds to tt:iousan€1s, ofyears. Here, we.provide ~n 0vervi:ew of the 
i:>ro:ach and a synthesis of the yvork that has beencond,l:lcfed Jn this field to date,. It is 

ear that numerous sockeye salmon populations have ~ndergcme, prt!>nounce'd changes, 
ven prior to hQm:~miriterventions. Furtherm,ore, trackin~ salpon populations o,ver 

millenniattirnes9a1e~ with paleoUmnologY,' has .. revealed modes of change that were 
··. reviously nev~r ip~gi(led possible. Su~h long-term pers,:>ective~ indicate, ttn~t sockeye 

lmof1. is a resrUe~t fish sf1ecies: We note. however, that when ~atural environmenta,I 
nges are compounded by intense human finpacts, poputations nave been>partfcularlv 
eptible·to extirpation, 

e used historical cannery records and current escapement and harvest records to 
stimate historical and current salmon escapement to western North American river 
ystems, in order to determine the biomass and marine-derived nitrogen and 

phosphorous levels delivered by adult salmon, and the deficits corresponding to the 
iminished returns of adult salmon over the past century. We have estimated the historic 

biomass of salmon returning to the Pacific Northwest (Washington, Oregon, Idaho, and 
California) to be 160-226 million kg. The number offish now returning to these rivers has 
a biomass of 11.8-13.7 million kg. These numbers indicate that just 6-7% of the marine­
erived nitrogen and phosphorous once delivered to the rivers of the Pacific Northwest is 
urrently reaching those streams. This nutrient deficit may be one indication of 
cosystem failure that has contributed to the downward spiral of salmon id abundance 

and diversity in general, further diminishing the possibility of salmon population recovery 
o self-sustaining levels. 
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Pa~ific ~alrr}On are an irnporta~f biological and economic resource of countries of the 
North Pacific rim. :-C:tteyarealso.a~nique groupoffts~.possessing unusuallyc~mplex 
life hjs,tories, Tttere are seven species of Pa.gific:salmon, five opcuring on both th~ North 

me,rican and·· Asian continents {sockeye, pink,· chum,· pninoqk~ and .coho) and two 
asu, and ama,go}only in ~sta, .The tife cycle of ttt~ Pacifi<:; salmon begins in the 

rnn whe,n the. adult female deposits eggs :urat are fertilized in gravel beds. in rivers or 
akes~ Tt:re yeung emerge trom the grayel the following,spring and wftteither migrate 
immediately to ~alt 11!.ater orspend ene or mpre years in a ri~er or Jake .befcmr migratiVJg. 
Migrations in the ocean are exte,ns!veduril'lgthefeedrng anCf gro\(Vfng phase, ci:;>vering 
nousands of kilometres. ·After one or more years the maturi~g adults find their way back 
o their home. river, returning to their ancestral breeding grounds to spawn, T~ey die 
fter spaW:ning, ~ndthe egg$ in the gra"':I signify the l;'Yeginning of a new cy01e. Up?n 
his theme Racitlc s:alrn()n h~ve ,dJ~yeloped many varfatiqns,. both. between as W6,ll as 
ithin species. Pacific Salrrion ~i~e J:iistorie~ provides detailed descripti()ns of the 
ifferent. life phases thro1,1gh l(hich. each. of Ur~ seven 5peoie~ pi=tsses'. each chapter ls 
ritten by a scientls.t who fias spent ye,arsstuctyingand·otrserving a particu,larspecies.of 
atmon. Some oftheto:pics covered are geographic distribution,transptants, freshwater 
lfe, ~cei:1n ltfe; deyelopment,. ~roWth, f6,e~ing, dret,. migr9,tfon, C}nd sP~Whi!lQ behaviour: 
he text[s richly supplemente,CI by numerous maps, illustrations,,coto.ur plates~ an,d 

ables and there is a detaile:d general inclex,~ as weH~s a userul geographical index. This 
olurne brings together tor t~e first tirfie, ana in ·la comprehensive form, me>,st :oftfle. 

able biological information on the se,venspecies of Pacifig salmon .. It is an 
~luabl.e seurce of information ~r stude~t~ and .tea?her,s .of ~io.logy and fisheries 

cience, people in the fishing and aquaculture Jndustry, ai1d inrerested laypersorrs in 
ot.mtri~s of the.North Pacific and.elsewhere. 

e examined the population genetic diversity and structure of sockeye salmon 
Oncorhynchus nerka spawning in tributaries of Bristol Bay, Alaska, a region that 
upports the largest commercial fisheries for sockeye salmon in the world. Genetic 

variation among the sockeye salmon populations, as revealed by microsatellite data, was 
hallower than that found in other areas of comparable size around the Pacific Rim. This 
inding was driven by similarity among populations rearing in the four largest lake 
ystems located on the southeastern side of the bay (upper and lower Ugashik, 

Becharof, Naknek-Grosvenor-Coville, and lliamna lakes). Sockeye salmon in lakes 
located above known obstacles to migration on the southeastern side and in tributaries 
n the northwestern side showed variation and structure that were more typical of the 
pecies. Management of these important fisheries assumes knowledge of the 
omposition of stock mixtures captured in each fishery. We investigated the potential of 

microsatellite data to provide stock composition estimates. We examined 58 collections 
and identified eight genetically discrete reporting groups. These reporting groups give 
ishery managers the opportunity to quantify stock components within fishing districts 

and thereby improve management precision. 
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so port anglers reeling in sa:tmoo, nalibut,arid ott:effiS:b generated-".:f>oth dj~ctty and 
ndirectry..,.:an. esttrrtatedtl'1rae percent ofjol1s and payroll in A,laska .in 1,993 .. This)s one pf 

.. he findings of a .studyoUhe. ~cot:iomics of sport fishtng that ISER did for the Ataska 
Department of Fisfl and Game. Sport fishing .. is eno:mously popular witn resi~entsanGI 
isitors. "fhe Qepattment of Rish anq Gar:ne estimates that nearly ba!f a million angl~rs 
1shed.i~ Alaska. in 1997, with numbers of visiting anglers slightly edging Ala~kan anglers. 
even ot;i,t of tenAlaska household~ have at teast.()ne sport angler. Neart~ half of 
laska's households rate hunting .and fishing OP,portunitie~ a~ important reasons why 

hey live where they do.. The. department contracted With ISER to do this study because 
tie economics of sport fishing. in Alaska is an import~nt consideratiG>n ~r.re!?ou!'"ce 

rrr,anagers a,Hocating fish. stocks, evallJating fishery projeds, and making decisions about 
land and. water management. Tne analysis is based ta,.gaty on. intormafion we couec,ted 
·n. surv~ys of sport ~anglers ~n.GJ guide and of)arter busim~sses in 199:3 and ... 199:4. It's not 
ntlrely clerar how sport fis~ing h.as c~anged since 1993. The. Department of Fish anti 
ame .reports that tf}e n~mber Off"~id~nt UcenSEjS st~~ed rougfiil)l th~ s:an)6, whife .the 
umber issoed to nonre~dents grew aQout 25 percent. Butat the same. time, the 
eJjartment aJso rer:>orts th~tmeasures ~f fi~hing.pressllre.;angteFdayli> fisfled and 

.of fishing trips:-.:have notc~anged Sllbstantia.Uy sin?e 1993. There is some 
eno:e thaUhe growingnumber of visttrng arrglers ~Y be mostly .casual anglers, who 
once o~twice IJl.(hif6) they're il'l Alasl<a. Numbers of sport ct:r~tters <:lperatinQ. in 

outhcentral arJd Southeast Alaska in~reas~dsh~rpty in the 1990s •... and. manr customers 
f tho~ chart,ers are tourists 'V\fho ~uy single·c;tay licenses. so the o~raU econ,omic 
ontribution of s~ort fishing. may not l:lave. changffd substantially since our s~rvey. lnaily 
ase,.pattems ofspQrt fis~ing--what people.buy for sport fishirrg:~ntJ now theytravel t<>, 
port flsfii!'lg Jocatio{YS, forinstance--"'don!t changequidkly. We t!JeUev,f} the broad j'.Jictore. 
f the economics.of sport fishing lnAlaska th~t we present here is, valid .. Be,tow we first 
escribeftowwe ~s~essedtheeaondmics of sport.fishing, th~n profile resident aqd 

··· isiting .sport anglers, al'ld .conclude with our eg,timates. of. the economic> value, of spQrt 
1shing .and its contribution, ta the economy; ·· 

18(9): 1972-1978 Behavioral avoidance of copper (Cu), cobalt (Co), and a Cu and Co mixture in soft water 
iffered greatly between rainbow trout (Oncorhynchus mykiss) and chinook salmon (0. 

tshawytscha). Chinook salmon avoided at least 0.7µ * Cu/L, 24 µ* Co/L, and the mixture 
f 1.0 *g Cu/Land 0.9 *g Co/L, whereas rainbow trout avoided at least 1.6 *g Cu/L, 180 

*g Co/L, and the mixture of 2.6 µ* Cu/L and 2.4 µ* Co/L. Chinook salmon were also more 
ensitive to the toxic effects of Cu in that they failed to avoid *4 *g Cu/L, whereas 

rainbow trout failed to avoid *80 *g Cu/L. Furthermore, following acclimation to 2 
xFFFF _µg Cu/L, rainbow trout avoided 4 *g Cu/L and preferred clean water, but 
hinook salmon failed to avoid any Cu concentrations and did not prefer clean water. 
he failure to avoid high concentrations of metals by both species suggests that the 
ensory mechanism responsible for avoidance responses was impaired. Exposure to Cu 
oncentrations that were not avoided could result in lethality from prolonged Cu 
xposure or in impairment of sensory-dependent behaviors that are essential for survival 

and reproduction. 
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o he treshwater:~treams. oUhe. Bristol ea,y. ~rainag~s sufji;>ort important .subsistef\ce and 
ommercial salmon fisheries anc;t intemaiio,nally-famous sp~rt fis~eries for both resident 
pec:ies and salmon. NorthemOynasfy Mines, In°,, (~OM) fl~sprQ:pos,st.1 to>mine a 

solfide d~posit at the nea,d~aters pfsome of these streams: Th~ proje,ct, 
rred to as Pebbly Mine, will nave a preliminary lifespa~ of 40 to50 years, or even 

longer. Applications filed by NOM in 2006 indJcate th~t the propose*1! pr~jectwfU 1eave 
er,manentlandscape features affecting some thirty square miles, in~lliding two tailings 
onds thatv.tilf·house bJJlions oUons of mine tafliogs wflich will include toxic m~terials, 
h~ project will also inc!ude.a 104-mile access roa,d, with a t?turry Une and a wateritne 
h~t will directly affect at le~st 12:5 sqtJ(3re miles and a po~er trattsmission line. The 
006 applications help identity potential impacts .. onthe fish habitatand.fisheries. 

.. ategories of these potential impacts af Pebble Mine on fish habitat and fishery 
esoufceis inc.lutle: direct,. indirect, an~ eumulathte effects. E>irect im~acts will result from 
he approximately 30 square mile footprint of tf1.emine .. processing plant, and tailings 
ond.Si more than 60 1i11,eal miles o,f mainstem strearns·-plus .the adjacent tributaries and 
etlaods7that will b~ totaU~ ~rp~ttiaUy dewatered; the 12.Ssct~are mil.es or 8;~00 afres 
disturtrancefrorn theaccessroa~; port facflities; and, power prodtictian aod power 

15u:,::1ply lines. SUtatlon caused by r<?~d-bulldjng activities will smother fish fQod ()~ganisms 
. nd :jncuP:atln~ eggs and alevins. Direct effE~ets a:ssoci~ted with tile road also include 
ragm,entatio.n~f a<1uafic, riparil!lR, aM terrestrial.habitats. Indirect impacts will.incfude 
increased pressure on, ~nd competition for, fish and w11d1Jfe resou,rces, because of !he 
increased.access to the area and incr~ase'd pap~latiort. Cumulative impaotswillinctude 
long-term, multi;ye:ar losses of fish p~ottuction add s:ream productivity. Over time, : 
ri~g~s.a,nd Cljlvefts irttheaccess, r,oad can d.eteriorate and interfere ~ith ju~nHe Or .···. 
dult fish migration b~tween important ~abitats, Oust artd .silt from the (()ad during the l.ife 
f the eroject or. leaKa:g~ from the ~lurry line may smotherfish. food organisms and 

incubatii:tg fisfi eggs ani:i could wa7n Gtownstream to affect spawning and rearing hab(tat 
1n lfiamna bake. In.addition, the \\(eigfit ~fffle roadbedart~ traffic can.be e>teected to 
ornpact the soUanp alter the movement of ~roundwater which could ~isrupt beach 

wning by: sockeye s,atmon in lliamna lake. Although the access r~d .and other 
[OtirdS wH.l be C()rtstructed for the prope:sad ~ebbJe< l\Aine, they wilt also provide 
to tne area by otf)er residenttaf; commercial;/and recreational users. The human 

.a:tion aqo activities can n,e SX!J&oted to intrease,arrd 0off r,crad, alt terrain vehicle use 
expand info ar~as not previously accessible. The impacfwm extertd

7 
mu~h beyond 

he footprint of the road .. Jtself. Any real .or perceived impact from the propqsed Pebble 
• » • ' ' ,,, ~, • •, • ,,, ' '', '• ~, 

34(3): 303-309 his study assessed the summer diet and consumption patterns of harbor seals (Phoca 
vitulina) resident in lliamna Lake, Alaska. The authors predicted that adult sockeye 
almon (Oncorhynchus nerka), a seasonally abundant and nutrient-rich prey source, 
ould dominate diets when available and that seals would preferentially consume the 

most energetically profitable portion of salmon carcasses. Diet was examined by 
identifying hard parts of prey found in harbor seal scats, and consumption patterns were 
measured by collecting carcasses of harbor seal-killed sockeye salmon along island 
pawning grounds. Salmon ids were present in 98% of scats that contained identifiable 

prey, followed by petromyzontids, osmerids, cottids, coregonids, and gasterosterids. The 
arcass surveys provided evidence of selective consumption patterns of sockeye salmon 

body parts. Harbor seals consumed the bodies of nearly all (96.6%) male salmon 
ollected, leaving little but the head. In contrast, the belly and eggs were consumed in 
3.6% of the female samples, and the entire body was eaten in only 31.3% of females. 
he harbor seals in lliamna Lake thus took advantage of the seasonally abundant adult 
ockeye salmon by consuming them selectively and as a high proportion of their diet, but 
hey also consumed smaller resident fishes, which presumably sustain them during the 
rest of the year. 
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1clasS!c example of a sus~tnable fishery i~. th~t targeti~g sockeY:e s~ll'OO"n in Bnsfol 
aY,, Alaska,wnere r:ecord catcheshav~ occurred during the Iast20years; The.stock 
PrnPlex is an amalgamatic>,n ofsev~ral .hu!'ldred discrete spawning .poputatiomt 
tru,ctured within lake systen'.ls, individual popl{latiQns displa,y diyerse life. history 
ha'r~qteristies ant'.:! (ocal·adaptatioQs.tot~e v~rf~tion in sp~wning and.reafing habitats. 
his biocomplexify has enabled the S,Qgregate Of populations to ~~stain i~<productivity 

·pita majGPqha,nges in climatic C"Of1difro11s affecting the tre,shwaterand marl!'le 
Amen~ during the last century. Different geographic and life histqry compon~nts 

hat were minor producers quring on,:e cHmatic regime nave t10,minated during others~ 
mphasizing that the biecomplexity offish stocks.JS critica.I for maintaining their resi.fief)ee 

a.environmental change. 

100(11 ): 487-498 Many of Alaska's salmon fisheries are models of biological success, with management 
tructures that have maintained biomass, stock diversity, and biological yield. At the 
ame time the fisheries face severe challenges due to low product price, and have been 
eclared formal "economic" disasters by state and federal agencies in recent years. 

From many perspectives, these fisheries are in crisis. I explore how the governance 
ystem for Alaska's Bristol Bay fishery has led to biological success and economic 
ailure. I review a range of alternative governance structures, in place or being 
onsidered, that might provide for social and economic sustainability. I also demonstrate 
hat the basic biological principal that has guided management, maximum sustainable 
ield, is a serious impediment to social and economic sustainability. 

:f21{4)~ ~~e::sso e quantified .the amo~nt, spa~al distribution, and importance.of salmon (Oncorhynchus 
p, )-ct~rived nitrogen (N) bY bro,wn, bears { Ur$US arctos) oo the Kenai. Peninsula, ~laska7 
eJested and confirmed th~hypot~esislh:at the stable is~fopesig":~ttire(o15N} ofN in· 

otiaQe ofwhfte. s,pruce (Pice~ J!Jlal:fca).was. inversely pr,oportionalto the distance from 
almon-sp~wning streams (r=-0.99 and P<O.a~ in. two se.J1arate watershe~s)., Loqa,tioms 
f radio-collared brown.bf:'fars, relative to.tl"leir distancefrom a stream, were highly 

· orretated 1Nith.e15N ctepletio{l of folia~e apro~~ the same gra~ie~t(r=-0.98 and -0:96 
o.os in the :$ameJwo separate watersheds.). Mean rat~s of redistribution of 

mon-derived Nby.~d~lt femalE} br()wnpe~rs were37.? ~ 2.9 kg/yearper be'ar(range 
3, 1 :$6.3), of wtilc~ 96% (35] ± 2.1 kg/year per bear) was excreted in urine, 3% 
1.1±0.1 ~g/year per bearr~as ex¢retedln feces, and <1 ~ (0.3 ± 0.1 kgtye~r .per b~t::ir) 

retain~d in the body. on an area t>asis, satmor):.N (edistribution rates were as high 
571 ± 0:7 ·rng/sq.-,m per year per b«ar within ~90 m offhe stream l:}ut dropped off 

r~atry With inore,asii;ig distan~e. We estim~ted tha,t 1~-5-17 :8% ofthe total N i.n spruce 
t?liage within, soo m offhe stream was derived tr:am salmo~. Ofthat, b~ars had 
istributed ~~-84%. Thus,.bro,wn be'arscan 13e an important vector of salmon-derived!\! 
to riparian ecosystems, but the.Ir. effects are t:iigh.ly variable spatially and a function of 

density: 
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32 State-owned lands on the Bristol Bay coastal plain in southwest Alaska have been 
pened for oil and gas exploration. This area encompasses numerous small lakes and 

ponds on the Nushagak and Alaska peninsulas. To date, there have been few data 
ollected describing the fish species or subsistence use of the small tundra ponds in the 

region. During 2006, a pilot project was completed to sample fish communities in 
elected small tundra ponds near King Salmon, Alaska. Nineteen ponds were surveyed 
uring early summer, and fish were found in all ponds with depths greater than 0.9 m. 
laska blackfish Dallia pectoralis were the most abundant and wide-spread species 
ncountered and were found in all but one pond where fish were present. Ninespine 
tickleback Pungitius pungitius were captured in five ponds and threespine stickleback 

Gasterosteus acu/eatus were captured in four ponds. Northern pike Esox /ucius, 
long nose sucker Catostomus catostomus, and pond smelt Hypomesus olidus were also 
ncountered, but each species was only found in single ponds. Our sampling methods 

may not have been sufficient to capture all species present. The most productive 
ampling gears were multifilament experimental gillnets and baited minnow traps. Our 
ampling during 2006 suggested that, for the tundra ponds we examined, those that do 

not experience winterkill should support fish populations even though all of the ponds we 
urveyed were small(< 0.5 sq.-km), shallow(< 2.5 m), and had no temporally 
ontinuous outlets connecting them to streams. Future work should provide an inventory 
f the size and number of tundra ponds in areas of interest and representatively sample 
hose ponds, including larger, deeper ponds that may be providing rearing habitat for 

anadromous fish. With this data, researchers could potentially develop a model for 
predicting fish presence or absence in these ponds. The model could be used to assess 
impacts from potential resource development and to guide resource development away 
rom inhabited areas or to determine other mitigation options during the resource 
planning and development process. 

7(2): 395-407 e manipul~ted,in accord with"gldtlat~warming prediction~, the thermal re~Jmeo{a 
·ermanent first-orders~r,eamnearToronto, Ontario, Canada,·we~xaminedthe effect5 of 

2-3,S"C water-tempe:ratur~ inor~ase o~ densities, biomas~: sp~cies ~omposttion, and · 
ttfe histories of resideqt stream invertetsrates. The stream ~as .divided longitudinally at 
he source into ~C) channels, one control and one experintental, and a b~fore and after 

··· BA91~ desJgn wa~ employed such tnatooe pre::manipulation vea~was followed by 2 yr 
f tfie temp:erature manipulation. Changes, in th('f expcerimental channel foHo?ViQ9 
ommencemen:tofthe manipulatldn in~luded: (1) 'decreased total animaLdensities~ 

ularfy Chironomidae {Diptera); {2).. earlier onset of.adult.insect emergence; f3) 
d growth fates and precocious breeding in J-#}iaTella azteea tAmphipoda); {4) 

aUef site at maturity: for/Ne~moura ttlS,pinosa (Ptecoptera):and H, azteea;. aOd (6} 
tere~ sex ratios forbepidostom,~vemale (Trich9ptera). J:tiese result~ p~rtiafly 
rroborate grevious lat:>oratory a?d field studie,s. However,. v~riaticyn in the responses of 

rcJµal tar,g~t specie~ to the manipufatio~ was unexpected §lnd may have been 
influ~need by the :genetic structure of local poputat1<),1fs. We cPnClude that levels of gene 
ow: ~mon~ habitats may be critical to the Clegree ofimpact seen as a .result of large· 
cale .. thermal perturbation (ecfl., gfob'al warming). 
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113(1): 81-101 

3{870): 145•1$9 

19: 1-15 

17 

Many explanations for diversity patterns have been proposed, and there have been 
everal recent reviews of the subject (Pianka 1966, 197 4; Ricklefs 1973; Pielou 1975). 

High diversity has been attributed both to intense competition which forces niche 
restriction (Dobzhansky 1950; MacArthur and Wilson 1967) and negatively correlated 

ith productivity (Yount 1956; Margalef 1969). The question is far from settled. This 
paper develops an approach to the problem of species diversity based on the 
nonequilibrium interactions of competing populations. Under nonequilibrium conditions, 

ifferences in diversity are strongly influenced by variations in the rates of competitive 
isplacement between communities, and such factors as relative competititve abilities, 

niche partitioning, etc., may not be particularly important. This approach deals primarily 
ith the maintenance of diversity, as opposed to the generation of diversity. While most 
f the current diversity hypotheses have some relation to the evolutionary origin of 
iversity, this will not be emphasized here. 

tmited ef1tl'y permit holdings, fisheryl1aryests, anti e&tirna.ted gross eamfngs are broken 
~t. by resident type "for the Bristol Bay salmon drift giUnet a'nd setgHlnet Ji~heries, Three 
esideint fypes are cons,ioered: pers0ns who r~side in places .lo~al to Bristol. Bay;. persons 
ho. reside in Alask~, t>ut in ptac~ o~tsi~e of Bristol B~y: and ge.rsons who are 
bnresidents of Alaska .. The resident status tor a permit ls determined bl' the. re~idence 
f the en<;J'."Qf-the. yea~ permit holder. 1,'.his reportalso co.ntaihs .. a ~description of the 
omputer. fites and methodology .used to. generate .the figures. 
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10 s long linear ecosystems, rivers and streams are particularly vulnerable to 
ragmentation. There is growing concern about the role of road crossings - and 
specially culverts - in altering habitats and disrupting river and stream continuity. Most 
f the culverts currently in place were designed with the principal objective of moving 
ater across a road alignment. Little consideration was given to ecosystem processes 
uch as the natural hydrology, sediment transport, fish and wildlife passage, or the 

movement of woody debris. It is not surprising then that many culverts significantly 
isrupt the movement of aquatic organisms. Survival of individual animals, facilitation of 

reproduction, and the maintenance of population continuity are important functions of 
movement at a population level. Dispersal of individuals provides a mechanism for 
regulating population density. These dispersing individuals maintain gene flow among 
populations and may supplement populations where recruitment is unable to keep pace 

ith the loss of individuals. For many small species (especially invertebrates), dispersal 
f individuals provides a mechanism for colonizing habitat, allowing local populations to 
ome and go as habitat is created or eliminated, while maintaining viable regional 

populations. Much attention has been focused on passage for migratory fish, especially 
in the northwestern U.S. In some cases, considerable resources have been invested in 
projects addressing fish passage only to find that accommodations made for adults did 
not address the needs of juvenile fish. Long-term conservation of fish resources will 
epend not only on passage for both adult and juvenile fish but also on maintenance of 

healthy stream and river ecosystems. Essential to this approach is a focus on habitat 
uality and strategies for aquatic organism passage based on communities rather than 

individual species. Without an ecosystem-based approach to river and stream crossings 
e will be at risk of facilitating passage for particular fish species while at the same time 

undermining the ecological integrity of the ecosystems on which these fish depend. 
Stream simulation is an approach to culvert design that both avoids flow constriction 

uring normal conditions and creates a stream channel within culverts that resists 
couring during flood events. Designing culverts to avoid channel constriction and to 

maintain appropriate channel conditions within the structure is a relatively simple and 
ffective approach for accommodating the normal movements of aquatic organisms and 

preserving (or restoring) many ecosystem processes that maintain habitats and aquatic 
animal populations. Road networks and river systems share several things in common. 
Both are long, linear features of the landscape. Transporting materials (and organisms) 
is fundamental to how they function. Connectivity is key to the continued functioning of 
both systems. Ultimately, our goal should be to create a transportation infrastructure that . . . . 

ince J91'7~ 'the Alaska Department of Fi&fi and Game has condueteda,n a~nuf11 maH 
u~ey f() estimate sportfishing ·participation andha~ests (fi~h kept~ sta,teWide by 
lask~n fisheries; areas, regions! an~ species. Since 19go, 'catcf1es {fisband cla!TlS 
arvested plus fish released) have also been esfimated. D~tailetjfiodings are presented 
or 2001 .. 1n2001, •an e~timated 432, 129 angJefs fished 2,261 ,941 da}'S and kept 
,078, 190 of the 6,7!5,786 fish and clams caught The 3,216,432 fish haryestedin 2002 

included 788.,6Ei5 razor clams Slliqua patula :and 96,S104 smelt and· capelin. O~meridae. 
tth~reniaining2,331;4i3:1"larve~t~dfisll, t,523;338(65.3%) ... were anadromous (sea­
n) saJmon Oncothyncfrus! 3f>0,809 (15.1%)WE:!~e P:acific·n,au~ut Hlppogtossus 

fe;pis, 120,398 (5:2%) ~ete rockfish se:bastes,) 1. 7,{)63 (5:0%)w~re rainbow trout 
0: 11T1Ykiss, 50,:~94 v2.6%) w.ere Dolly Varden ... Salvelinus rru~lma and Arctic etlar 
Salvelinus alpinus, 37,910 {1::EWo) w.ere,Arctic .Qrayling rhymaflus.arcticvs, a~d 38;498 
1~7%) were lar}d.lockecfs91mon. (()hin()ok salm<!Jn,eqho salm()n Q'. .. klsut~h, .. and. kol<a:nee 

·a ... nerkaJ~ 
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307 None 

1 so:: .11G6•1115 Much [esearnh has.been devoted to the ~ffects of acidic runoff episoo~s on populations .. 
f brook.trout Salvelfousfo~tinalis,. b.ess is known abopt. slimy scqlpin Cott11~. ~9gnatus 
nd. wh;i their numbers ha~e dec;ltned in aoic€1ified streams. Adult1Qle,rance o! low pH and 
f,uminum (Al) toxicity Js simila~ in thesetvJ:o spe?ies. Slimy- sculpin spaw~ 1~ the spring, ·· 
hen htgh st:eam flows elevate concentrations of. toxic Al and decre~~e sJream pH .in 
cid-sensiti~e watershe.ds. We hypotti:esize'd that acidic ~pisodes in sprin,g Vf'ere a s~ljrc~ 
f stress for slimy scutpin a!Jd hind~red their reproduction.·We tested this l:lypqthesis by · 
xamining the ®rtatity, ~ehavior; whole'"body s<><:Hum concentrations, and spawning 
mong slim~sculpine)((:>Osed to amtiient conditions during the sprirr,g sJ>a,wning period in 

.?: Pennsylvani?t streams, Stone Run fan epi:odicaJfy ~cidifle'd str~m that formerly 
ontained slimy sc,utpinJ and Senner .Run. {~rstre~n:rwittl slimy- sc~lptn that does not 
J>.eri~nce severe acidic e.piscrdes). Our nypottiesi~ was supported pytne higher 

·mortality, hyp~activfty, lower J;)ody sodium c~ncentfations, and fac~ of spawning among 
imy sculpin in Stone Run relative to those in Ben~er Run. Repr~ductive disturbance 

d by stressful concen:-trations of Aland hydrqgen ions.may have led to the 
eoruitment failure and collapse of the slifTIY' sculpin populatlcm .in .. Stone .Run. 

Little is known of how fish respond to the hydraulic environment associated with 
iversion or bypass structures at hydroelectric power installations. To address this lack 
f knowledge, this paper presents results from a study to assess how three species of 

Pacific salmonid smolt (Oncorhynchus spp.) responded to distinct gradients of velocity 
and depth associated with two submerged weirs as they passed through an experimental 
lume at McNary Dam (Columbia River, USA) under illuminated and dark conditions. 

Migrating smolts entered one of two available treatment channels as coherent schools 
rom which individuals would either disassociate from the group and pass over the weirs, 
r would reject them by swimming upstream. Alternatively, fish maintained position at the 

upstream end of the flume by swimming into the flow. The response of smolts to velocity 
and depth gradient and light condition varied between species, and route of passage 

as influenced by fork length. Initial channel selection and school size was not 
influenced by weir type, although schools resided longer within the short-weir channel. 

he majority of smolts (70%) entered the treatment channels facing downstream 
(negative rheotaxis), but switched orientation at the crests of the weirs. This switch in 

rientation occurred farther downstream in the short-weir treatment and for the largest 
molts. The variation in response of different species of smolts to hydraulic gradients has 

important implications for the design of screening mechanisms used at hydroelectric 
power installations to divert migrant juvenile salmon ids. 
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S: 2339•2346 .. 1. War;ming trends are ~vident .in many .parts of the gfobe but are especially marked at 
i~~er lafitud~s, with com,plex effects c:>n the biota tttat include direct ~fft}cts on growth 
otentiat ~nd indirect effects thro~gh fe"od webs; 2. Air te~peratures have been 

in~reasing over th~ pas,t 50 year~ in ~o~thwestem Alaska .• affecting .the growth arrd 
opul(ltiGl'.l dynamics of many organis,m,s, incfuGling<a v,ariety of aquatic sr:>ecies~such as 
he freshwater mussel Anodonta bering}ana; 3~ We collected freshwater mu!S'sels from 
lli~mna Lake; in the Bristol Bay rErgi9n of Alast<a, and ~asursd. their shells to. examine 
· limatic effects ()n·growth patte,ms; :4.1.,.inearm,ixedeffects med~!~ and ordinaryteast 

linear regressions r~vealed strong• p~itive correlations beiwe~n local .air 
'tures {especially Jn May, Octob~ran~ thesummerm,ontf:ls)af1d .. inter-~:mn,uat 

ariation In musseJ growth. ~lower mussel .growth was also significantly correlated with 
later:clate of ice break-up, which was liRl<ed to air ternpeFatures in tate spring, 

50: 2350-2365 Biota o15N and 013C values (deviations from recognized isotope standards) from 
lliamna Lake (a major anadromous sockeye salmon (Oncorhynchus nerka) nursery lake 
upporting peak-year runs >10 million) and several other anadromous-salmon-free lakes 

in the Kvichak River watershed, Bristol Bay, southwestern Alaska, were compared to 
etermine the significance of marine-derived nitrogen (MON) delivered by returning adult 
almon. Biota in lliamna Lake had higher 015N compared with control lakes, verifying a 

mixing model correlating o15N with MON. Periphyton 015N values reflected localized 
input from populations of spawning salmon. Juvenile sockeye MON varied in response to 
scapement size, suggesting the importance of large escapements (>10 million) for 

maintaining a predominantly MON lacustrine N pool. Other resident fishes showed shifts 
in 015N between years of high and low escapement. The dual-isotope approach, using 

15N and o13C together, suggested that fish production is primarily dependent on 
limnetic primary and secondary production. The dual-isotope approach indicated that the 
oast range sculpin (Coitus a/euticus) was the only fish with an appreciable dietary 
omponent consisting of salmon eggs or emergent fry. 

110 ti:e CGm,mercial Fisheries Entry ¢~mrnlssiQn(CFEC) requested this.study for heJp in 
· orecasting future e){"'vessel prices of 8Fistol ~ay ~ockeye saJrnon. CF'EC plans to use 
he fOrecasts in analyzing the "optimum number" of um,tt~d entry permitsin the Bristol 
ay drift gfllnet sa!nion fishery .. The study describes rnarkets fo[Bristol ~ay sock.eye 
alm(:)n pro(jucts and how market condlfioo~ affect.ex-vessel prices'. The study (ievelops 
n equ§ltion for fOrecal)tlng future sock.eye salmon ex-vessel prices based 9n 
s~umi:>,fto!1s.about.future Srtstol Bay.harvests and.'(Uture farrTlt}ci.~almonwholasafe 
rices. This equation·is used to forecast a range within wtiich future s9ckeye salmen ex.:. 
essetprices are Hk.ely to Jan. 

721 Sustainable Fisheries Management: Pacific Salmon clearly articulates the current state 
f the Pacific Salmon resource, describes the key features of its management, and 

provides important ideas and suggestions on how we can make the transition toward 
ustainable fisheries. The solutions presented in this book provide the basis of a 
trategy for sustainable fisheries, requiring society and government agencies to establish 

a shared vision, common policies, and a process for collaborative management. 
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53 he project colfacted ·information about subsistenc,e. harvests of honsalmon .. fresbwater 
ish .b};l re~ide~ts of the eight communities qf the R~fch~k River wate~hed oHhe Bristol 

Bay area, southwest .Alaska,; for a 12-month period from Octqber 2002 through 
eptember 2003, hocal research ~Ksrstants were hired and trained to collect harvest 
alendars ffOrnf1Brtlcip~ting tiousenolds and conduct a post:-season harvestsurvey. 

Data were collect~d on amounts harvest~d, g~ar types used, .. timing of.harvests, a~~ 
location ofharvests. Ttierewas a high level of inl.fol~e,me~t in t,he subsistencte useof 
.oosal~n fish in the StlltllV Eommunitie:s, although harvests w,ere lo"w compare~d to 
reyious estimates from the t97~s. 19~0s, and .199Qs, f)rimarily beca~se the wnvsuafly 
arm winter in 200212003 inhibited travel and tile use of traditional methods such as ice 

1snlng'. Also, T~K interviews were conducted with 26 im:::ti';'idu~ls, cove,ring sQch l()Pios as 
lt,ation trends, fish ecology, and traditional harv~st methods. These interviews. were 

rar)scribed.and incorporated into a searchable database using the askSam program. 

uvenile rainbow trout were exposed to 25:400 µg .copp~ruL-1 . for 24f'\. Wafer hardn$ss, 
H •. and alkalinity were varied inc:fependentf~~t a cQflstant (Na~]. Net a,nd unidirectional 
odium flux,es were measured in hara arrd saft., low:afka:linity 'Nater and in hara1 high­
tkaHnity wateratneutral pH a,cnd f'H 5:<.f In .low alkalinity wate~:r. ·Na+ t1ptake/(J1nrwas 

irihtbjted at copper concentrations as low as 25 µguL·\ an(:! ,sodium effh.1x(Ja~t) was 
timula:ted above 100 µguL·1 

... High·alkallnify W,atersignlfioantly redllC~d the effects of 
<>ei>er. on. J1,:, anlii Jout>but there was ~o ~ignmcant effect oNncreasing. wa:ter hardness: 
he effects oy.pt:Ui.O and Copperwere additive fromis to 1001,1~uL·1 , buta pure copper 
ffect was foum:t from 200 to 400 µg uL·1. Fisndied w,hen they>had lost abOut. 50 ... 55% of 

heir exchangeable N~+ pool. Water har:dnes~ and afkal!l'l.ity had no eff~ct on the 
ppat:~nt.uptake of copper,.·butcupper uptake.w:asreduced by about 59% .. at pH.5,0. 
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22-251 

3(4 ): 399~417 

33(10): 2415-
423 

he most comprehensive "insiders" guide on Alaska fishing, revised, updated, and 
xpanded in this new deluxe, full color 3rd edition. Written by the state's top fishing 
xperts, this latest version now covers all 17 major Alaska sport species (fresh and salt 
aters), all methods (fly, spin, and bait), and all six regions of the state, with details on 
ver 300 of the most productive Alaska fishing locations. Includes information on 

regional climate/conditions, run timing, visitor service costs, trophy and record fishes, 
USGS map references, guides' tips, fishing regulations, etc. Bonus back section with 

laska trip planner, flies for Alaska, knots, fish filleting, and a comprehensive cross­
referenced index. Has over 500 color photos, maps, charts, diagrams, and drawings. 
Beautifully illustrated, Alaska Fishing Ill offers a visual feast of this scenic wonderland, 

ith content that not only thoroughly informs, but also captures the imagination and heart 
f the reader. 

R~~erit progr~s~ in the study ofaquatfc food-cycle r~lationships invit~s are- appraisal of 
ertain ec0logical tenets .. Quaf)ti~tive productivity data prP;~ftle a oasis for enunciating 
ertalntrophic pri~ciples,which, w.hen app\iecitto ·a ~eries .of suc,cessional stages, shed 
ew .Ug.fl:t on the dy:O:<;lmics Qf ece>logical. succession. · 

e analysed the benthic macroinvertebrate species composition, taxonomic richness (as 
xpected richness for 100 individuals), total abundance and biomass at 117 stream sites 

in the province of Dalarna. Partial least squares regression models were constructed 
rom observations on undisturbed sites and used to predict these community parameters 

at sites exposed to elevated levels of copper, zinc, lead and cadmium resulting from 
leakage from old mine deposits. Species richness at undisturbed sites was positively 
related to the size of the catchment, pH, channel width, calcium concentration and the 
proportion of deciduous trees in the riparian zone. In streams with elevated metal 
oncentrations, we found reductions in taxonomic richness for total macroinvertebrates, 

mayflies, stoneflies and combined EPT (Ephemeroptera, Plecoptera and Trichoptera), 
but not for that of Tri-choptera nor total abundance or biomass. Copper and zinc were 
hose metals showing strongest negative associations with richness. Some taxa, 
ommon at undisturbed sites, were missing at metal-polluted sites. These taxa were the 

mayflies Ameletus inopinatus, Ephemerella aurivilli and Heptagenia dalecarlica, the 
tonefly Protonemura meyeri and the caddisfly Apatania sp. 
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145 

hatf-c~ntury atter mine closure, metal contaminatJon ttom sulfiC'Je ore mining iq the 
eadwateF$ oontinuesto.impair .~ip(lrianvegetation .anti ~quatic macroimte,rtebrates along 
oda .Butte Creek;, Yellowstone Nation~! Parle A tailings dam failur~ in 1e~o emplaced 

.. metal-rich sediment at high flood:-Plain levels, above 50 yr to 100 yr flood stages in, 1996 ·· 
nd 199!. These lar~e .natural floods removed on,ly a .sm,a.u part oUhe. c,ontami~ated 
edimenUhrough ban~ erosion; they also .failed toJower in·channel Cu conc,entrations, 
ec:9,use .. increa,sed erosion .. of mine waste during high flows batances Increased .inputs of 
ncontaminated sediments,'generating.oo net change. in concentrations. Geomo[Phic 
rocesses controlling· movem,J:mt of contam,inated setUments indicate .that.mine .im~a,cts 
Ill P:ers,i~t for centuries in Soda.Butte Creek. .and imply long.,,.Jasting impacts rn sirnilarly 

. ffected streams worldwide. 

In compliance with the reporting requirements associated with Fish Resource Permit No. 
SF-2004-114 and amendment No. SF2004-114-A-1. This report summarizes the fish 
ampling efforts conducted within the Pebble Gold Copper project area and along the 

proposed road corridor by biologists from HOR Alaska, Inc. and Northern Ecological 
Services. Sampling was conducted between April and October 2004. The main purpose 

f the study was to document the distribution, relative abundance, and variety of fish 
pecies within the Pebble Gold Copper project area. 

he.ha.bitat use 1!1formati~n and Ha~ltaf Suitability Index (HSI~ fT!Odels presented in ttlis 
oc\!ment are Intend.e'd for use in imp~et assessment and ~habita't:management a:ctivifies. 
iterature ccJnoernlng a s:p~cies, habitarr~~utrernents a,ndpreferences is reviewedand 

hen synthesized into subjective HS.I models,wl'\ichare s.caled to produce an Index 
etween o (unsuJtable hctbitat) and 1 (optimal habitat). ASsumptions used to transform 
abitat use information into these.matfiematical m(}delsare n?tedand guiaeHnes for 

mode,t·applicati~n ~re~described. Anymodefs fottnd in me.literature, ~hi~h may.also be 
septo oafcul.!!lte anHSI are citecl: Asectienpresenting lnstreamflowlncremental 

Methodology (lf!M) will b~ included in .this series Jn the,near future. 

Methodology (IFIM) will be included in this series in the near future. The IFIM section will 
include a discussion of Suitability Index (SI) curves, as are used in IFIM and a discussion 
f SI curves available for the IFIM analysis of coho salmon habitat. 

Cata ootita,ine<;llnthis ~ep?rt repr~sent the Oivisi()ti's.~ost receritefforts to upgrade.and 
pdate fishery statistics useful in ~escribingSouthwestern Afa,ska's sport fisherie~. 9ata 
ontained intbis do~ament were ex.tractedfrom St~tewi~e Harvest Summaries, Survey 

hwentory Reports, and.the Fishery Data and l\i1anuscript;ser1es. \JV&conside~this 
rt to ~the~most oem,preh.ensfve information source r:oncerning effort, and harvest 

fatisUcs .for the maj€>rSouthwe,stern Alaska sport fi.shef'i~s. Fisheries data Jn tt)is report 
upersede information in.previous reports and are intended for interdepartmental use 
nlj'.. 
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140 In response to the guidelines established in the Sustainable Salmon Fisheries Policy 
(ADF&G 2000), the Alaska Department of Fish and Game (department) first classified 
he Kvichak River sockeye salmon Oncorhynchus nerka stock as a "Stock of Yield 

Concern" in 2001 (Bristol Bay Staff 2000). A yield concern is defined as "a concern 
arising from a chronic inability, despite use of specific management measures, to 
maintain expected yields." Classification of Kvichak River sockeye salmon was 
ubsequently changed to a "Stock of Management Concern" in 2003. This classification 
hange was based on the definition of "management concern" found in the policy. A 

"management concern" is defined as, "a concern arising from a chronic inability, despite 
use of specific management measures, to maintain escapements for salmon stocks 

ithin the bounds of Sustainable Escapement Goal (SEG), Biological Escapement Goal 
(BEG), Optimal Escapement Goal (OEG), or other specified management objectives for 
he fishery." The increased protection provided by commercial, sport, and subsistence 
isheries restrictions and closures that have occurred in recent years has been helping 
he Kvichak River sockeye salmon stock recover: minimum escapement goals were met 
uring the last 5 years (2005-2009); there was a surplus harvest of Kvichak River 
ockeye salmon in the commercial fishery from 2005-2009; and return per spawner has 

improved in recent years. Even with these recent improvements, there is still need for 
oncern. Therefore, it is recommended that the Kvichak River sockeye salmon stock 

remain a stock of concern, but be reclassified from a "Stock of Management Concern" to 
a "Stock of Yield Concern." 

Pacific .salmo.n {<!Jncorhyn~hus spp.>; accum~la,te supstantial nutrient~ ill their bodies as 
hey grow to adulth<>od at,sea. These ntiti"i~nts are ~~rried tQi:prettom,inanjly :oligotrophic ·· 
lakes and streams, Where the~ are releaseef <'.lyrlng and after s~awning: Elesearch over 

ore than 3 dec,aaes has shown that the annual deposition Qfsatm,on-borne marine-
erivec;t nutrients (MO..,nutrients );Is important for toe pr9ductMty of treshwat~r 
ommunities throuij:hout the Pacific coastalragion, Ho~ever, tfie·path\~'ays and 

for MD'.'.'nutrjent t~an~f~r~md a~umulationin freshwater.and .. riparian 
ms remain virtu~Hyuneiptored, consaquentfy,therearem~myunc,ertainties in 

his area. This ~rt/Cle adctresse~ three.related topics. First, v:e summariz~ r~cent 
dvances in ourunderstanding ·of the linkag~s among M07~utrien!s, freshwater 
iQcluding riparian) ec:os)Tstem~, and com,mu(lity dyrra111ics by addressing t~e importance 

MD·nuttien{S to ·lak~s and st.reams and by then reviewing large scale an(;J long--term 
acess:es in the a,tmosphere and ocean that g~vern variability :in salmon pc;>pulations, 

d, we evalu~te the. validity .of the disccrvertes .and theirimpll:cations for a~tive 
sy~tem management, noting areas where e~rapolation from,these results still 
ofres9,re~t caution. Finally, we°,utline five key research isso,es v;.itier:eadditionaJ 

varies: could greatly augment our onderst~rrdin~ofthe proc~sses shapin~ the 
fructure Sf!d dynamics of.salmon populations and t~e ctiar,acteristics of thelr freshw;ater .... 
al»~t and ~ss>oci~ted riparian zones. C~llective(y,the da~ suggest thatthe freshw~ter 

portionof.the salmon productions~te,m is 1ntim~tely linked to the ocean. Moreo~er, for 
he system to be sustainable, a holistic approach to mana,gement will be requirect This: 
~listic appro.ach. will ~eep to treat cltm<!te .cycles, ~almon, riparran vegetation, predators, 
1Jti MG-nutrient ftowpaths and feedl1acl<s as an integrated system. 
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16(2): 4-21 he American Fisheries Society herein provides a list of depleted Pacific salmon, 
teelhead, and sea-run cutthroat stocks from California, Oregon, Idaho, and Washington, 
o accompany the list of rare inland fishes reported by Williams et al. (1989). The list 
includes 214 native naturally spawning stocks: 101 at high risk of extinction, 58 at 
moderate risk of extinction, 54 of special concern, and one classified as threatened 
under the Endangered Species Act of 1973 and as endangered by the state of California. 

he decline in native salmon, steelhead, and sea-run cutthroat populations has resulted 
rom habitat loss and damage, and inadequate passage and flows caused by 
hydropower, agriculture, logging, and other developments; overfishing, primarily of 

eaker stocks in mixed-stock fisheries; and negative interactions with other fishes, 
including nonnative hatchery salmon and steelhead. While some attempts at remedying 
hese threats have been made, they have not been enough to prevent the broad decline 
f stocks along the West Coast. A new paradigm that advances habitat restoration and 
cosystem function rather than hatchery production is needed for many of these stocks 
o survive and prosper into the next century. 

Mineral eXtraction, whettter itl:')eby surface or under§round mrninQ in .their dfverse f<>:rms, 
ffects salmonids~rfd .their habitats. in many ways. Increasing PitbUc awareness of .the 
alue of aquatic resourc~s has led tG>Jegislati~n designed tq protect, restore, qr e~hance 

·• rea~ that have. been or "1/iH be m,inec;t i;nis po~itive tren,d has, also led to. a gro~ing bo~y 
f.knowJedge about th~ specific effet!sof 111ining-related polfutantszcm salmon and trout 
nd. ttfe me,chanisms,by which h,abitatdegradatior::i may ~e re'i{ersed. Some of the 
dverse.effects of mining on Seilmonid habitats are .obvious. Placer mini.Ilg converts 
atµrat strea~s to channels "between barren rubble piles; .. hydraulic mining erodes 
illsides and ae,posits ttte eroded material into ne~rby streams. Road buj(din.IJ and 
e111ovafof surface veg~tation may also contribute to directstreambed disturbaf\ces and 
edime~t influxes. Other itTffuences, however, may be J~ss obvious and mµch more 

ins,RiiGU~ .• One of the princrpal and most persistent results 9f mining·fs acid mine 
rainage'. Both orphaned and currently operated mines may cof)lribute. acidic drainage. fo 

fby waters. Acid pr,oduction can .occur in cctal deposits by the Qene,ration .. e>f sulphuric 
or thr~ug~ the, acti9n of O)(jdtzing bacteria on pyrite, .a common compo~ent of the 

ariiticrnat~rial.in which.manywestem.ore ciep0$tts <,>CCuf.· The•consaquences of ac.id 
rai~age are many and they are:~X,Pr,essed in a variety.of ways. If pf1 levels are 
ufficiently low, ns9 populations niay be reduced dire?tly through fish kills or less directly 

hrough reductiQn in tl:le vtC!bilit~of im:liv;iduals, their gametes, or their pro~eny. Aquatic 
invertebrate$, a~ .. important source of food for many. satmonids, may also ~e affected. by 
cid tirainage; they may t)edi~ectly potsoned or their habitats. may be degrafJed;bY 

'tio.n of ferric hydroxid~. In addition, the to>Cicity otmany metallic poiscm~ is 
d .~i low pH tevels. Tailings piles and settling f10nds also may .contribute 
ts: Cyanide, a highly toxic chemica,t that is dfteQ used to recover gold, has 
es entered sfreamsthro~gh failure of settling ponds; Actd tirainage through 

aiHngs piles contributes metamc pollutants to nea~y wat~rways. Many metals (including 
rseoic, cadmium, 5hrqmium, ·copper, iron, and urariium) tfl~t ar~ eitfter th~ object of 

min in~ ocara,·associated with eXtr~ction of otller 1111nerals ar~ highly toxic to fish, and 
toxicity may be. grEfatly. influenc~d .by pH:. In many caseS:; metallic .compounds are 

ins.elubte in natural wate~ that. are pf nearly neutral pH;;buf become 
increas.ingly soluble as"acldity increases, thereby increasing fhe concentration of toxic 
metal ions. 
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119 

his Draft Environmental Baseline Progress Report provides a description of the work 
onducted for the Northern Dynasty Mines Inc. (NDM) 2004 baseline environmental 

program. This Pebble Project progress report presents the characterization of the 
xisting conditions related to environmental and social conditions of the project area and 
heir incorporation into the project design and operation. This draft report is presented for 

agency and stakeholder review and comment, to ensure the approach followed and 
results obtained provides a comprehensive and thorough baseline environmental 
haracterization of the Pebble Project. 

his section discusses theg.rounc.twatersarnplirrg res~lts.fromme, 2004 field.season~ The 
~ta are:ana1Y4e~ to determine sparral (lateraJ and vertical) variatiqns and variations with 
ime,. The data are also .<?orni>:ared with .surface water·quatity .criteria to provide a 
encnmark for water quaHty. Based on the resljlts oftf:lis analysis, requirements .f~r 
urther data are noted. Gr~t:Jnc:lwater sam~les wen:: 0,01tected in tember arrd. October · 
OG4. Tile study results V!flll be incluaed in the en':'ironmental ba document and are 
xpecte~Uo ~e used for both the design and the permit applications for constructian, 
peratibn, and.closure of the prc>posed m,in~.The objective of the foUowi~g.discussiohls 
or~pon the prqpress of grounchv~tersampling~and anafysiSc andthe current 
ncterstan<:ting of groundwater chemistry. 

his section presents the findings of the 2004 fish resources study for the proposed mine 
area. The information presented is based on data collected during the 2004 field season. 

!though some data analysis has been conducted, it is important to note that additional 
ata will be collected in 2005. The results presented here should be considered 

preliminary and are subject to change after additional data have been collected. 
Objectives of the study were to 1) characterize the distribution and relative abundance of 
ish resources within and adjacent to the deposit in sufficient detail to provide information 
or impact assessment and mitigation planning, and 2) acquire predevelopment baseline 
ata for comparison with post-development monitoring. 

None. 
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7(1): 55-112 None 

S2 None 

study was made of sockeye salmon lake spawning grounds in lliamna Lake, Alaska. 
Physical and biological characteristics of a lake shore and an island spawning area were 
measured. Bottom composition of the lake shore area was 85 percent material 0.1 to 
1. 7 millimeters in diameter. Bottom composition of the island area was 96 percent 
material greater tha 6.7 millimeters in diameter. lntergravel water temperatures in the 
lake shore area were 1°C to 4 °C lower than lake water temperature. Little temperature 

ifferences were found in the island area. It was concluded that eggs developing in the 
lake shore area depend on upwelling ground water for water circulation in redds, while in 
he island area eggs depend on lake water currents for inter-redd water circulation. Rate 
f sockeye embryo and alevin development was determined by incubating eggs in the 

hatchery. Development was described by length measurements and anatomical 
tructures. Fifty percent hatched by 643 degree-days, and yolk sac absorption was 
ompleted by 933 degree-days. Results were applied to egg samples from study areas 
o estimate times of hatching and emergence. 

7(f): 769 Nona 
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33 Stream temperature is an aspect of water quality that affects every aquatic organism. 
et taking that temperature is not as easy as it may seem. Placing a thermometer in a 
tream and recording the reading are simple enough. The problem is that the result does 

not represent the entire stream, whose temperatures vary markedly over both time and 
location. Instead of a single measurement, what is needed is a set of measures that 
escribes a stream's "temperature regime." Even then, the process is complicated. Many 
actors affect the temperature regime, including climate, riparian or stream bank 
vegetation, and channel form and structure. The factors with the strongest influence vary 
rom time to time and place to place. What's more, patterns of variation in stream 
emperature differ depending on the timescale of observation and the size of the area 
ithin which temperature is measured. For instance, variation in stream temperature 
ver a single day is apt to differ from variation over an entire year. Similarly, the patterns 
f temperature observed within a single pool or riffle in a stream are apt to differ 
ompletely from the patterns observed along the entire stream course. Stream 
emperature regimes are difficult to quantify, but available evidence suggests that stream 
emperature regimes in the Pacific Northwest are now typically different from those that 
xisted before Euro- Americans settled the region. Evidence further shows that a variety 
f human activities often are responsible for changes in temperature regimes over time 

and that the effects of human activities often are cumulative: individual land use activities 
hat alone would not substantially alter stream temperature can do so when combined 
ith other activities or with natural disturbances. Alteration of these regimes in turn may 
ontribute to a decline in the family of fish known as salmon ids, which until recently has 
uccessfully adapted to historical variations in stream temperature. In many streams 
here large salmon runs once were typical, the temperature regimes now appear 

inhospitable. Thus, from a scientific perspective, restoration of temperature regimes 
ompatible with desired populations is an important factor in their recovery. 
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Fishes inhabiting. streams aria rivers in the interior of North America expertence a 
o.ntin:ental cfir:nate. \l\Jaterteri:1peratures r~ach O?.P Jnwinter an,ct are high in s~mrrier. 
here i8, a. marked seasonal~cycle in discharge, These circumstanoos make groundwater 
crµc!al componentofrlver habitats. Gro1.1ndwa~ercan influenoo th~ distribution, 

jreprcc:fCIOc1tive ~uccess, biomass and prot'Juctivity,. betravi<,>ur and. movem~nts .. of fishes, 
nCI is especially impo(tant in wtn,ter ~nd summer. Winter flow&are m,tntmal and are 
ffectec;l by ice. In winter, the importance of groundwater .increases northw,ards, 
roum'.lwater pro\fi~~s overwintering habitat free of subsurface ice and fish may migrate 

long distances to tatce advanta~e of it fh~ melt season can accg~nt for up to .half the 
rirn.:ial discharge. In summer, grGt.mdwater is fr:nporta~t. for maintarn!ng discharge. and 

rrtoderaflng stream temperature5,, During criti()allY hot weather, grouncJwater refu9ia 
rofect species e~posed to. temperatures approachingtheir th~rmal .limits. Since 
rountilwaterexerts such an importantinfluence on river habitats, .its quality, quantity and 
ustain,abnlty stmutd be considered befor,e qevelopmeqt proposals are approve~ whicfl 
o~ld~tter itExampl~softhe,role of groundw~terin the ecology of some species show 
ow localis~d and critical trat:)itats influenced by gr9uri~water:eanbe, and, in·· 

· quence, how neces~ary it is to protectthern. Pr0tection is compli?~ted becau~e 
dwater,distribution pathways are often unknown· and. recharge areas may .be .. 

mo,te ffom<;lischarges. s~af~~becomes important in identifying potential risks. to crftical 
tream habitats fl'om, alJtypes of l~ndsc:ape modification and water abstraction. 
rounttwate,rremperatures reflect mean ahnual air temperatures and areHkelyr to 

hange as glol:>al cli~tes r~sponc:;I to increasesJ11the :greenhouse· gases in the 
tmos.phere. This could [JrGfoundfy chan{,ie criticf;llfish habitats,. particularly those: at the 

.margi!)s ofspeci~? distributions. or those fflat<are already overcrowded. Such 
onsi.der.c}tions emphasise the importance of developing/proper strategies for the 

· onservation of groundwaten 
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378 Few subjects have generated as much emotional dialogue around conflicting scientific 
and policy agendas as the protection and management of Pacific salmon resources. In 
his major new work, esteemed fisheries expert Thomas Quinn distils from the vast 
cientific literature the essential information on the behaviour and ecology of Pacific 
almon, including steelhead and cutthroat trout. Unlike other books that examine only 
elected life stages, habitats, or species, this book - richly illustrated with beautiful 

photographs and original drawings - thoroughly covers the complete life cycle, 
mphasizing common themes and differences among the various species of salmon. 

Representing the range of species and geographic regions, Quinn includes examples 
rom classic studies by pioneers of salmon biology and from the most current research to 
illustrate the important features of salmon life history and behaviour and the complex 
physical, biological, and human factors that affect them. "The Behavior and Ecology of 
Pacific Salmon and Trout" introduces salmon and trout as a group, with a brief 
escription of each species, and compares them to other fishes. This book then follows 
almon on their amazing homeward migration from the open ocean, through the complex 
oastal waters, and upstream to the precise location where they were spawned years 
arlier. It explains the patterns of mate choice, the competition for nest sites, and the fate 
f the salmon after their death. It describes the lives of offspring during the months they 
pend incubating in gravel, growing in fresh water, and migrating out to sea to mature. 

Quinn emphasizes the importance of salmon to humans and to natural ecosystems and 
he need to integrate sound biology into conservation efforts. This thorough, up-to-date 
urvey should be on the shelf of anyone with a professional or personal interest in Pacific 
almon and trout. Written in a technically accurate but engaging style, it will appeal to a 
ide range of readers, including students, anglers, biologists, conservationists, 

legislators, and armchair naturalists. 

Predation OQ P~cffic. salm()n by bears {genus Ursus L, .17~8) can be an important 
stemprocess beca~se the spatial C!istribution of.c~rc,asses largely determines 
er, marine-derived nutrients cycle through aquatic. or terrestrial path~ys .. Drre,ct 

bservations oh three streaf1,is in so(JthEiastem Alaska indicat~d tnat 49°/o of the pirtk 
Oneor,nyncflus gGrbttsoha (WaUraum, 1792}~ and chum { OTJCOrhfnchus keta (\}Valbauin 

Jn ArtecH, 17$2)) ~afmon kifled:by hears were carried into tl)e forest. The tendency of 
ears to van port carcas~$ was in,ciependent oBhe sex and species of salf)'lor:i. but 
ns.panwedfish V(ere more often transp{}rted than fi~h ttrat had completed spawning, 

ta on .tag.gad sockeye satn:ion (Ont;orhyn:ctiu~ flerka. (Watbaum in Artedi, .179.2))in on 
estern Alaska stre~f)'l··lndlci:lted that 42,5%. of the kiUed salmon Were transported, 
t ~ig~e,r pe(ce~titges were transported tn yea(S ~hen salmon densities w~re 
AtsixottrerstrEJarns, on.avera~e,.68'.1% ~fth~~qe ~almQn. killed w:ere 

rentlytrarlspo~ed away fromthe stre<;);mintothe forest . bihing the data fromalf 
s, the .pr(}portion ~f.o~rcasse's transported .. increased with wate,rdeptf"l at the sitt3. 

hese resuits emphasize thf3 role that bea(S play in mediating the intceractions between. 
utrtents from saJmonand the tei:r~strtarand aquatic ecpsysterns, and the variation in 
arcass distribution among streams and among years. 
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4: 391-411 Salmonids spawn in highly diverse habitats, exhibit strong genetic population structuring, 
and can quickly colonize newly created habitats with few founders. Spawning traits often 

iffer among populations, but it is largely unknown if these differences are adaptive or 
ue to genetic drift. To test if sockeye salmon (Oncorhynchus nerka) populations are 

adapted to glacial, beach, and tributary spawning habitats, we examined variation in 
heritable phenotypic traits associated with spawning in 13 populations of wild sockeye 
almon in Lake Clark, Alaska. These populations were commonly founded between 100 

and 400 hundred sockeye salmon generations ago and exhibit low genetic divergence at 
11 microsatellite loci (FsT\0.024) that is uncorrelated with spawning habitat type. We 
ound that mean PsT (phenotypic divergence among populations) exceeded neutral FsT 
or most phenotypic traits measured, indicating that phenotypic differences among 
populations could not be explained by genetic drift alone. Phenotypic divergence among 
populations was associated with spawning habitat differences, but not with neutral 
enetic divergence. For example, female body color was lighter and egg color was 
arker in glacial than non-glacial habitats. This may be due to reduced sexual selection 
or red spawning color in glacial habitats and an apparent trade-off in carotenoid 
allocation to body and egg color in females. Phenotypic plasticity is an unlikely source of 
phenotypic differences because Lake Clark sockeye salmon spend nearly all their lives 
in a common environment. Our data suggest that Lake Clark sockeye salmon 
populations are adapted to spawning in glacial, beach and tributary habitats and provide 
he first evidence of a glacial spawning ecotype in salmon ids. 

buridance esfimatt'Js~flfi(ita and hatchery PacificS'atrnon Oncorf1ynr::hus spp. are 
important for evaluation of stock status and ,deosity-depend~nt interactrons at sEra, we 
ssembled. avaHable salmon G'atch anti spawning at>undance data f(J"t' both As,ia :and 

North A(11erica and reconstfucted .total abundances of pink salmon tJ. gorbuscffa, ohum 
alm9n't>. keta, and sockeye salmon 'O. netka d4rihg 1.952 .. 2005. Al>uJ1dance tren,ds 
r~ evaluated .. with respeot to species, reg.iona;Jstock groups, and cltmaticregi!Tle~ . 

. 1td adult pink salft!Ortwere the mo$t numerous salmon species (a.yerage = t.66 '.KiOA.6 
, or 7~0hofthe.total aJ:mhd~(lCe ofthe .three sp~cies), followe'd ocke}<e 

ri)qn .. (63 X 'fQA6 fish/year~ or.1(%} and cht1(11 Salmon (48 X 1QA6 fist)/ , Of 1'3%). 
er the 1976-1~77 oceanre"gime shift, abundances of wild pin~ salmon and sockeye 

atm?n increased t>y (11orethan, .6'5% ~!1 a~erage, whereas abundance ~f wifd :chum 
alinonwas.towerin rep~ntdecades .. Although ~ild salmon~abundances in most regions 
f North Am,erie:a increased 1n th~ late.1970s, abundances in Asia ty19ieally did f!Ot 

increase until the 199~s. Annuatreleases of juvenile 7atmon.from hatOhertes incrsased 
pitUy.during the.1970~ and 1980s aM reached a~prox,i~lety4.5:x 101'>9juvenUestyear 

uring the.199f>s and early :moos. During 1990'."2005, annual proi,;luction of hatchery~ 
rig in aduJt salfl10R averaged78x 1Ql\'6 efium salmon, 54 x fONS pink salmon, and 3,2 x 

1011.s sock.eye safmpn, or approximately 62, 13, and 4%, respectiveJy, .of the com,bined · 
ota,Jwild ~nd hatchery salmon abundance. T~e com~ined abllndance ·of adult wild ani::f 
atcfi~ry:sal!Tlqn ·during 1990-2005 a'¥eraged634 x 10A6sat!11qnlyear {498 x1 QA6 wild 
atmo,ntyear), ~rapproxift!ately tiNic,e as mMyas du.ring 1.952-:1975 .. Th~ large a,nd 

increas.ing abundances of hatchery salmon have Important management impHcatioh:s f:n 
erm,~ of.density-depe{)dent pr?Cesses and conservation of wild sat mo~. populations;. 
management agem;:i~s should 1m,pr~ve estimates of hatchery salmon abundance in 
arvests and on thespawning>grounCls. 
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1(1): 31-37 

6(12}: 3~25-
2.31 

One of the most spectacular phenomena in nature is the annual return of millions of 
almon to spawn in their natal streams and lakes along the Pacific coast of North 
merica. The salmon die after spawning, and the nutrients and energy in their bodies, 
erived almost entirely from marine sources, are deposited in the freshwater 
cosystems. This represents a vital input to the ecosystems used as spawning grounds. 

Salmon-derived nutrients make up a substantial fraction of the plants and animals in 
aquatic and terrestrial habitats associated with healthy salmon populations. The decline 

f salmon numbers throughout much of their southern range in North America has 
prompted concern that the elimination of this "conveyor belt" of nutrients and energy may 
undamentally change the productivity of these coastal freshwater and terrestrial 
cosystems, and consequently their ability to support wildlife, including salmon. If 

progress is to be made towards understanding and conserving the connection between 
migratory salmon and coastal ecosystems, scientists and decision-makers must explore 
and understand the vast temporal and spatial scales that characterize this relationship. 

For decades ec,olcigists have recogni;zed the pofertti~t. importance ot ma~r\e derived 
utrients .{MON) deposited infreshwat~re,cosystenis ·by .spaw~ing anadromous ·&almon. 

Previous·studies have shown thatsome .MON are retai~ed in freshwater ecq~ystems .. A 
optilar h,ypothe,sis·Hnktng MON.to, salfl1()npopul.ationf?rqducttvity.posits that MON 
rovid:ed by post-spawning niortality.of salm()n are critic:atf~r salmon population 
ynarnics because they enhance pre¥' populations in the fres~water ecosystems llsetf as 
ursery habitats .. we test~d this hypothesis byreco~struqting"historicat sockeye.salrnon 

pcn>ulations.forthe.last.300 years in.Bristol Bay, ~laska. Stablenitr,pge~ Isotope 
llronologies in lake ~edime,~ts .and .s.ockeye catch and escapement histories s.h~w trrat 
ommercial .fisheries inte,r<,lepted abot:ft twp .. itJirds of MON b0UJ1d for freshw~ter spawning 
rounQ.s1sinc~ about ~goo: Reo0n5,truC:li?n of lake atgal producfion using fossilpigmen,ts 
hows that tfiis loss of MON has. re:duc,ed Jake af~al productMty to about one.-third of Its 

level bef?re commercial fishing.However, contrary to expectation •• recents()okeye 
pop.1,datronsi~es (sum of s~awning e~cap:m~nt and fishery cetoh) Jn the, la~~ century 

ere equivatent to those beforethe advent:of commercial fisltint;J. These data .• 
em~nstrate thahtl)e MO.N ~ubsidy is irnp:orta,rit for the productivi~ of ~oastaf li:lkes but 
hat some sooke~e salmon populations are.Umited by other features of ecosystem5 such 
s the amount.of suitable spawning habitat 
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465: 609-612 One of the most pervasive themes in ecology is that biological diversity stabilizes 
~cosystem processes and the services they provide to society, a concept that has 
become a common argument for biodiversity conservation. Species-rich communities are 
~hought to produce more temporally stable ecosystem services because of the 
K;omplementary or independent dynamics among species that perform similar ecosystem 
~unctions. Such variance dampening within communities is referred to as a portfolio 
~ffect and is analogous to the effects of asset diversity on the stability of financial 
portfolios. In ecology, these arguments have focused on the effects of species diversity 
pn ecosystem stability but have not considered the importance of biologically relevant 
kliversity within individual species. Current rates of population extirpation are probably at 
least three orders of magnitude higher than species extinction rates, so there is a 
pressing need to clarify how population and life history diversity affect the performance 
pf individual species in providing important ecosystem services. Here we use five 
klecades of data from Oncorhynchus nerka (sockeye salmon) in Bristol Bay, Alaska, to 
provide the first quantification of portfolio effects that derive from population and life 
history diversity in an important and heavily exploited species. Variability in annual Bristol 
Bay salmon returns is 2.2 times lower than it would be if the system consisted of a single 
homogenous population rather than the several hundred discrete populations it currently 
K;onsists of. Furthermore, if it were a single homogeneous population, such increased 
variability would lead to ten times more frequent fisheries closures. Portfolio effects are 
also evident in watershed food webs, where they stabilize and extend predator access to 
~almon resources. Our results demonstrate the critical importance of maintaining 
population diversity for stabilizing ecosystem services and securing the economies and 
livelihoods that depend on them. The reliability of ecosystem services will erode faster 
~han indicated by species loss alone. 
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(4): .297-314 alm¢nids al'e an important component of biadiversitf. cuft';Jre and ecorromy In several 
ions.i particularly the North Pacific Rim: Giyen this impoi:tance, they h~ve been 
~sively stu~ied fo(a~out a century, ana the pioneering scientist~ recogniZed the 

ritical. linl(bet\(\leenpopulation structure and conseniatio(l. Spatial.structure i.s intleS'd, of 
.1'1111,~ importarrce for sa1111,onco~$'ervation and management. At first gli;ance, the essence 
f Ile meta.population concept, f:e:, a population of populations,. wiqely used on other 
rganisms ·like butterflies, se~ms t() be particutarlyrelevant t,o salm?n, and more . 
. nerally to .anadromous fish. }':'everthel~s~, the concept is ran~l5' used, am:f·oorely 

.1it:1io>Lt:1u. Here, we present a metapopulation per5p~~tive for anadinmous fish, assessirrg 
in terms t)f processes ratherthanofpattems th~ set of i;iece~~u:.ryconditiol'.ls for 

·· metapopuJatrcm dynamics toe:>51st Salmo,n? and particu,larty soqkeye s~!mon in AJaska, 
re usEJd as an.iUusfralive case study. Arevie:w,·oflife history traits .indicates that the. 
hree basic conditions are likely to be fulfilled by anadro111,ous salmon: (i) the spawning 
aoitatist;Hscrete and poputations ar:.e sp:ati~lly separated. by uns~ita:ble h~bitat; (ii) some 
~ynchrany is present in the dynamics of more or less distant poptilatrons and (Hi) 
ispE!rsat links f)opuf~trons bec~use some saf111,on s.tra)f from tneir natal population'. T,he 
mplic~tions ofsome peculiarities of salmon. life history !(~its, unusual in classical. 

are also discussed. Oe(;Yper undersb:lndir:rg of the popul~1tion strucfurE! 
ous fish will .be advanced by future stm:lies on specific. topic.s; (i) c,riteria mu.st 

e defined. for th~ d~Uneation of suitable habitats thc;it are nased .on .features. pf the 
iotope a~d not o::i th~ presehce of fish; {ii) the c11Uection. ?f tong-term: data and the 
evelopment of improved methods to tletermine age stru,cture are essential for correctly 

jesltirtJ~itrng levels of asynqhro:r1y. bet.we.en poput~tions and {iii} several key aspe~ts 9t 
persal are stiU poorly. understood ~nd need t<>, be exa111,ined. in detatl: the spatial an~ 

emporal. scales of disP,~rsal movements, the orrginana destination populations. instead 
f simple stray-ingrates, and tne rel.ative reproau<::five success of imf11igrants and 
esiaents. 

stock assessment of rainbow trout Oncorhynchus mykiss was conducted during spring 
and fall 2004 on the Tazimina River in response to reports by user groups of decreased 
abundance and reduced fish size. From 22 April to 28 May 2004 a mark-recapture 

xperiment to estimate abundance resulted in an estimate of 950 (SE = 213) rainbow 
rout in river of which 16% (SE= 2.3%) were sexually mature. Sampled fish ranged from 
161 to 612 mm FL with a mean length of 307 mm (SE = 4.10). Between 19 and 27 

ugust 2004 CPUE and length distribution were estimated for comparison with past 
research conducted during the same time frame. Four hundred fourteen (414) rainbow 
rout were captured with a CPUE of 3.23 rainbow trout per hour. Length distribution 
ranged from 82 to 518 mm with a mean of 285 mm (SE= 4.15). CPUE during 2004 was 
higher than previous years; however, the proportion of fish over 500 mm FL was lower. 
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ouectic:ms of stomachs from belukha whales taken by E:sldmo.subsistence hunters in 
he Benng ano c~~kc~i S:4fas have .greatly increa;sed the data~ availabte on spring arid 
ummerfood~ jn those areas .. During spring n:iigration in. the Chuc!(~hi Sea fee~ing 
eem,s influ~nced by. ice conditions. Sf)ring foods i9clu.de. ar?tic cocl, stuimps and 
ctopus. In coastalare~sof the northern Bering and Ohukcfli Seas, sumrnerfo<;>GI' 

include s~ffron cod, soutpi~s,. herring, sm,ett, capelin, salmon,. cnar, shrimps:and octop~s. 
aff[on cod was the primary prey speci~s in .Norton Sound and. Eschscholtz B.a~ in J~ne. 

er species oUishes a;re eat~n in reta,flcm to theicseasonat .patlems ofdistributi~nand 
hdance. B:ase!ii o,n·tnform~tiQllfrom caastal residents and.the!iterature, sJmilar foods 
u,sed ln summer from"Bfistol Bay tothe northeasten:i ... c;;;huk,chiSea . .ln Eschscfloltz 

ay ¥qung bel!"khas ate srnatte,r l)'affron co~ than older animals arrd males a,te 
roportionately more scufpi~s than did females. During autumn and ~i~ter montfl~ 
Qllocl{are .probably the major prey in the. southeastem and s.outhcentral Sering Sea 
nile arctic ane . .saffron cocls; areprobablytl'le most in,tportant prey .in more northerly 
reas.Prey ~aten bybelukhas are.sirnrtar tothos~eaten byman~,1 species of pinnlpeds 
nd other cetacEfans a:n9 haryested by comm,erciaf fisheries .. Competition for fQod with 
ther marine mammals and with fisheries may influence population size and productivity 
fbelukhas, 

None 

e ~xamined the site fidefity of spawni~g adult sockeye salmon (Onoornync;hus n~rka) 
·· ~ tagging ~nd releasing fish in the .san:ie. f)treamreach .(~ontrols }and disptacin~ tfiem 

mong diffe,rentbutnearb)f sites (c, 50 f11 m.v~y); Three sites, - two above a stream 
'UPP.~( reach and 'pond') anti (;Inebelowffo~er' r~a,~h).• aUowed .. us fe compare· 

avigr ~fsafmqn in the presenc~ an~ absence of olfactory cues a{ld hat,?itat 
fmflarity; Most controls of both se~~s (90%) ren,taine€1 in tnetmm,eoiate vicinity of the 
ggln~ and relea~e 5fte: Wtien displaCEl:ld downstream,. where th:e qdo;~s of both the 

reach and tfie pond were deteetante, most s~lmon retum,ed to. their former site 
\ Displace<i soqkeye were n:iore likely tq return to tl'le pond from the tower reach 

fron:i the upper one ~P = 0~05), consistent with olfactory orjenta~~rt~and th~ 
y.pQthe~is that$almon p~efercertain trabitats. Satmr:m~ispla?e,d fromttte upperfu> tJ:ie 

towerreach.were much mqre Uk:etyt()retumthan those clfspla,cedtothe pond (P <OJl1), 
onsisten.t fhe role of odors in orientation: and inconsfstentwith the habitat oho.ice 
y,pothesls. 
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Salmonid fishes aggregate for breeding at spatially defined, suitable habitats. These 
aggregations may evolve into discrete populations when precise natal homing leads to 
reproductive isolation, and local regimes of selection lead to adaptation. Population 
tructure is often defined by persistent differences in selectively neutral genetic markers 

and in mean values of morphological and life-history traits between locations. This 
approach is limited by the spatial scale at which traits diverge; low levels of 
reproductively successful straying, combined with similar selective pressures on life­
history traits resulting from similar habitat features and environmental conditions, can 
ignificantly reduce the power of these discriminatory methods. We compared data on 
hree life-history traits and polymorphism of DNA microsatellites for evidence of 
population subdivision among sockeye salmon spawning on spatially discrete but 
physically similar beaches on islands in lliamna Lake, Alaska. We found small but 
ignificant differences in average body length, body depth and age composition between 
ites as well as significant interactions between site and year. These interactions, 

reflecting random variation in growth or recruitment among sites, are a powerful tool for 
iscriminating populations with similar mean trait values. These results suggest fine­
cale homing to natal sites, but the microsatellite data revealed no evidence of restricted 
ene flow among sites. There seems to be enough straying among the populations to 

prevent differentiation at neutral traits but enough homing for them to be functionally 
istinct. 

he stocks of sockeye salmon, Oncorhynchus nerka, in Bristol Bay, Alaska, are 
produced in the lakes and streams of 10 major river systems, which discharge into the 
bay over a shoreline distance of 193 km. The establishment of fishing areas, the 
etermination when fishing may be permitted, and the effect of exploiting simultaneously 
everal stocks of sockeye salmon require knowledge of the migratory pattern of the 

individual stocks comprising the run to Bristol Bay during spawning migration. Various 
mark-and-recapture experiments and exploratory fishing in the eastern Bering Sea and 
Bristol Bay provide a picture of the migratory pattern of Bristol Bay sockeye salmon from 
approximately longitude 170 W to the head of Bristol Bay. The main migration route of 
all stocks of Bristol Bay sockeye salmon is in the offshore waters of the southern half of 
he entrance to the bay and in the southern half of the bay itself. All stocks remain in the 
ffshore waters until within 32 to 80 km of their home-river systems. Segregation 

according to river of origin apparently began in the offshore waters as much as 200 km 
rom the mouths of the home-river systems and appeared to progress to the head of 
Bristol Bay. 
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14{'4}: 969'-974 lthough ~.x:c~sslve loa~ing Qf fine sediments; into rivers ts well known to tiegracfe 
almonid ~p~wni~g habitat, its effe~ts 011 rearing juveniles .have be~n unclear. We 
xperimentaHy manipulated. fine bed. sediment in a northern Caliromia .river anti 
xamined respenses ofjuvenile salmonids amt the food webs supporting them. 

Jncreasi~g .. concentrations of dep?sited fine,sedlrnent ctecreased0gr9wth and. suroival.of 
·uvenite ~teelhead trout "Fhese dectrne~ were aS"sooi~te<;t with a st1:tft in ip~ertebrates 
o,ward burrowing taxa unavailable as pr,ey and with ln,oreased ~tee!bead activity an{j 
injur,y a:t h:fgtier levels of fine ~ediment.. Tfle .Hne~ir relationship .be~een deposited. fine 
ediment and juvenile steelheaGI QfC>wth,;,~uggestsffat tnere is no thresho.ld below which 

erbation of fine-~ediment dellvery: anti .storage;in, ~gravel b~dded rivers wiH .be 
armless, but a1$o that any reciiuoticm could prcrduce immErdi~te benefits forsalrnonid 
estoration. 

he North Pacific Ocean has been of great significance to understanding biogeography 
and speciation in temperate faunas, including for two species of char (Salmonidae: 
Sa/velinus) whose evolutionary relationship has been controversial. We examined the 
morphology and genetics (microsatellite and mitochondrial DNA) of Arctic char 
(Sa/velinus a/pinus) and Dolly Varden char (Sa/velinus ma/ma) in lake systems in 

estern Alaska, the eastern and western Arctic, and south of the Alaskan Peninsula. 
Morphologically, each lake system contained two forms: one (Arctic char) largely 
onfined to lake habitats and characterized by greater numbers of pyloric caeca, gill 

rakers, and shallower bodies, and another (Dolly Varden) predominated in adjacent 
tream habitats and was characterized by fewer pyloric caeca, gill rakers, and deeper 

bodies. MtDNA partial (550 bp) d-loop sequences of both taxa were interspersed with 
ach other within a single 'Bering' clade and demographic inferences suggested 

historical gene flow from Dolly Varden to Arctic char had occurred. By contrast, the taxa 
ere strongly differentiated in sympatry across nine microsatellite loci in both lakes. Our 
ata show that the two taxa are highly genetically distinct in sympatry, supporting their 
tatus as valid biological species, despite occasional hybridization. The interaction 

between these species highlights the importance of the North Pacific, and Beringia in 
particular, as an evolutionary wellspring of biodiversity. 
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he upper r,eachet of the ftvicfrak River system e,xtefl'd ··into Lake Cl~rk Natiorra,t Park 
d Preserve. This s~tem is U1e world's rnost productive spawning and [Etarirrg habitat 

ck~Ye s,almon. It contributes about 50 percent of sockeye salmon caught.in Bristol 
, 33 p~rcent of the entire ca,tch in tf:le. United ~tates, and 16 percent ~fthe total world 

tch. v\lil~life aboundsJn and n,ear the park anft pre~erve. The Mul~hafoa cant)otj 
erd, nombe~lng nearly 200,oao, ~nd said to be the .most stable and tieatthiest herd .in 
laska, grazes and ca!~es along .the western bound~ryc>f th~ park and pres~rve. Dall 

!Sh~tepanGtr;nooseforage the area, and bro!Jl(n and black bear, wolves? Iyo~, foxe~, and 
tti'er mammals are present. Fis.h incfuQe ~ve species of salr;n(,)n, .. r,ainbpwtrout, Dolly 
aren, take trout, nort~em pike, and Arcti(l ~rayling: Orrthe GookJnlet side of the p~rk 

preserve, ~wans and other yiraterfOwl nest .on marshes an~ outwash plains ;Srtd rocky 
in and adjacent to the pai'k f)fOVic:te rookeries, f0r p:uffins; cor:rnorants, l<ittiwakes, 

n.d other seabirds .. s~als and whales may be seen occassionaily o~hore. Tll6, park 
d prese('Ve c,ontain~ si~nificant cultural resources since ttrearea has been. occupied 

re.historic times. Oena1in".l.1ndians.lived at Kiji!{:on La,ke, Clark until tneearly 
1~dos,w~en theym?v~d fQ Nond~lton and other sites. Other ~ret:iistoric .sites. are 
oc~ted nearl::.~J.<e T~lqua9a andafongthe u;pp~r Mulc~.atna.B.rver, ~ussian ~xplorers, 

rs, and missionaries began traversing the region in the· 1790s. Ttie salmon 
try began attracting. white settlers in the.early 190,0s. WhHe, most of the ea(1y 

ers aroum:I Lake Clark were trappers and mim~rs, recent years have see,n the 
evelopmen~ 9f aneconomy based on subsistence lifestyles, S'ommercial fishing, and 
ee'reation acti'ltities. 

None 
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From tleadwatets .to molJth, thEf Physicaf variables V¥ithin a rh{er system p$sent;a 
nntinuous Qfa<lient of physical conditions. This gradient should elicit a, series of 

re~ipo1n~es within the constitU,ent populations resulting In .a continuum .of biotic 
djustrnenfS a11d com;.istent patterns ofloMing, transport, utilization, a)1d storag~ of 
cganic mattera,tong the length.~fa river .. Based onth~ .. energy equilibrium theoryof 
tuvial geornq11pti<:Jlo.gists, we hypotliesize tn,at.the str':'lcttiral and fun:cUonal characteristics 
f stream communities are adapted to conformto the rT1QSt pronable position or mean · 

js:ta1te <)f the.physical ~ystem. We. rsaso11.that prodµcer ant1 consumer .communities 
:arac(eristic qt agi~en river reach .become e,:stablished in ~armony. with the d}'Qamlc 

hys!cal conditt~ns oUMec!f~nnel. I~ natur,ar stream systems, ~iofogicraf oornm1..1rnties 
an be chara~terjzed a~ formiog a temP,oraLcontinuum of synchronized species 
eplacemen,ts . .This:continuous replacement functions to distribute. tt:ie, utilization of 
nergy JnpufS over time, 'Fhus, the bi~log!c~l system ffi?ves towards a natance between 
ten(;tency for ef,ficient use of energy inputs through resource. partitioning (food, 

trate, etc,) and an ppposing/,tendency for~ uniform rate of energy' prc;>cessing 
roughout !he year. Wetheor,ize that bio.logical communities:devel?ped in natural 
reams assume PJ'C)Cessing strategies lnvoiving.minimumenergy loss. OoW,~stream 

ommun,ities arefa1shiom~d bcapitalize on upstre'amprocessingin~fficiencies'. B.oth the 
pstream irrefficiem;y (le,.akage) arrd the ~Q.wostream a,djustrnef\tsseempredictable, We 

propose that this River qonti~uym Conc~pt provides a framework for integratln,g 
redictable anct .observable 1:5io,togical features oft~t,ir:; syslefl1S'. tmpll.caticms of the 
onceptifi the areas of structure, function, and stab.tlity of riverine ecosystems are 
i$ctissed. 
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7: 517-539 1. This review is presented as a broad synthesis of riverine landscape diversity, 
beginning with an account of the variety of landscape elements contained within river 
orridors. Landscape dynamics within river corridors are then examined in the context of 

landscape evolution, ecological succession and turnover rates of landscape elements. 
his is followed by an overview of the role of connectivity and ends with a riverine 

landscape perspective of biodiversity. 2. River corridors in the natural state are 
haracterised by a diverse array of landscape elements, including surface waters (a 
radient of lotic and lentic waterbodies), the fluvial stygoscape (alluvial aquifers), riparian 
ystems (alluvial forests, marshes, meadows) and geomorphic features (bars and 

islands, ridges and swales, levees and terraces, fans and deltas, fringing floodplains, 
ood debris deposits and channel networks). 3. Fluvial action (erosion, transport, 
eposition) is the predominant agent of landscape evolution and also constitutes the 

natural disturbance regime primarily responsible for sustaining a high level of landscape 
iversity in river corridors. Although individual landscape features may exhibit high 

urnover, largely as a function of the interactions between fluvial dynamics and 
uccessional phenomena, their relative abundance in the river corridor tends to remain 
onstant over ecological time. 4. Hydrological connectivity, the exchange of matter, 
nergy and biota via the aqueous medium, plays a major though poorly understood role 

in sustaining riverine landscape diversity. Rigorous investigations of connectivity in 
iverse river systems should provide considerable insight into landscape-level functional 

processes. 5. The species pool in riverine landscapes is derived from terrestrial and 
aquatic communities inhabiting diverse lotic, lentic, riparian and groundwater habitats 
arrayed across spatio-temporal gradients. Natural disturbance regimes are responsible 
or both expanding the resource gradient in riverine landscapes as well as for 
onstraining competitive exclusion. 6. Riverine landscapes provide an ideal setting for 

investigating how complex interactions between disturbance and productivity structure 
pecies diversity patterns. 

e.!..ls'ed mark-~ecapture.t~chnJques taex<il01inettie effects of.four types t>f{oad 
rossings on fish movementduring ~prtng lras&ffo~sand summer lOW: flowsinsmall 
tre,am~ of the 04achita Mountains, vyest..peotraIArkan~as. We assessed movem~nf for 
1 fish species, in s,even fa!JJi~ies through. culvert, stab; op~~~bp:~ and ford .crossi~gs ai:io 

hrough natural reaches. We Cfetected 110 s~asonat ordirectionafbias in fish mo\lement 
nrouQh any crossing type or:the niiitural. reaches. Overalf fisn movementwas .an.order of 
m€1QHitude lower throutl~ culverts than through other cr?~sings ar n.atural reaches, 
xcept no move01ent was.deteoied thrQugn.the slab cross.inQ, ··'" col)trast, open~tioxamt 

crossings l)h0we~ Uftle.C:tifferef"},ce. f~om [lafural reaches in overall!JJGvement·of 
Numbers of speciesthat frave,rsea crossings anti movement within tf):ree .of f()ur 

ominantfisll ta,mmes (Centrarchidae, Cyprinfdae,and·Fundulidae) also.were reguced ~t 
ufverts relative to ford and open-box crossings anel natural r(:Jac,11es. In spring, retention 
f fisheswas ®nsistentlY. htgl1e~t in stream se9mentsupstrearn of crossings and lowest 

fh. <#ownstream s~gm~nts for au crossing types: a, respo11se attribl.l.ted~~· scot1ring 
ssocfated withspring spates ... Watervelocityat crossingswas inversely relatettto fish 

m~vement;cul\{ert crossings corrsistentlyhad the tlighest.vel~cities ~nd ope~-box 
rassings had th~ lowest. A key requir~mept for improving nt~d cros~(ng designs for 
mal!-,stream fisf'.rpassage wiH. be. determination of.critical levels. of water velocity through, 
rossirtgs. 
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otal dissolves solids (TDS) are naturally present in water or are the result of mining or 
ome industrial treatment of water. TDS contain minerals and organic molecules that 

provide benefits such as nutrients or contaminants such as toxic metals and organic 
pollutants. Current regulations require the periodic monitoring of TDS, which is a 
measurement of inorganic salts, organic matter and other dissolved materials in water. 
Measurements of TDS do not differentiate among ions. The amount of TDS in a water 
ample is measured by filtering the sample through a 2.0 µm pore size filter, evaporating 
he remaining filtrate and then drying what is left to a constant weight at 180°C. The 
oncentration and composition of TDS in natural waters is determined by the geology of 
he drainage, atmospheric precipitation and the water balance (evaporation­
precipitation). The mean salinity of the world's rivers is approximately 120 mg/Land the 
major anion found in natural waters is bicarbonate. The most commonly occurring cation 
in fresh water is calcium. Changes in TDS concentrations in natural waters often result 
rom industrial effluent, changes to the water balance (by limiting inflow, by increased 
ater use or increased precipitation), or by salt-water intrusion. It is recommended that 
ifferent limits for individual ions, rather than TDS, be used for salmon id species. These 

limits should be based on the effect of the ion on fertilization and egg development. 

P:~am~ herrirrg ( Cl1.1pea pallasi) erags were eoffecfed .from spawning grounds int!fistol 
·· ay, Alaska, transferred to Norway for t:fatching: ancJ for 63 days raised ina 20QO-m3 

marine basin .r~cate(:l a,f the Flodevigef1 Biol~ical Stafion. The eggs \rlrere fromthe same 
pawning, and hatctiing took ptac~ oyer 3 d~ys. Upon completion of hatchin;g, 24,840 

J~rvaetf2.42 larvae{m=') wererelf3'ased int~ the basin. larval grqwtl"f'!<'as rapid.and 
metamorphosis was ob~el'rved 28 ~~ys i;lft~r hatching at a. length of 25 mm: The 
xperiment was terminatErd by d(aini~g the basin; 4891 juveniles were recovered. The 
veragerate ofgrowth w~s 0.66/m!lllday iOJ8:nQ'th am:l 2.89 mg/day in weig~t ·The larval 

length frequency, uni!llodal at hatc,;hing, se:gregat~d int() t,hre,e mo,de~ w,1thin 2 weeks, 
bich persi&t~d until termination. Tile slowest growth rate was 0.31 mrntd~yanc1 the 

·rarger herring averaged .1.48 rrim.t(:lay. ~t fi('stfeeding,. cope~()dnauplii were ab1..md~nt 
ut food.declined tater. Cannib~tis!11 was pljserved on day 45 ahd a 30·!11m her:ring was 
apture:d tnat co~tained. a ·~O~mm. nerrlng. ~urvivaL was higher .in the basin than 
stirnated for larvae •at sea. Mortatity appeared to be greatest during the first 2. weel\s, 
nd much of it may have been ~uefto hydroma'dusaprectation. · 

he salmon spawning ground report is compiled annually to report the results of 
pawning ground surveys conducted by the Division of Commercial Fisheries staff in 

Bristol Bay. The report describes the conditions under which salmon were observed and 
ther factors affecting escapement data. Although data have been collected for more 
han 20 years in most cases, appendix tables contain only information from the last 20 
ears to give the data context. 
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fq,Februarytoee, the ussupremeCotirt trearci cases tnat.niay af'feci ~~ettui)r 
intermittent streams are jurisdictional waters urrder .the Clean "'!ater Act. In June 20t5B, 
owever, the cases were.remandedto thecircuitcpurt, leavinQ 1ne·statos of in.terynittent 
treams uncertain o~pe again. The presence of commercial species, such a~ coho 
almon .. (OntorfJyncftlis kisatch}, can bean important consideration.when deterrninin.g 

·urisdiction. These salmon sp~w~ in the. upper P()rtions of Ore,gon coastal stream 
et:Wort<s,. where intermittent str~arris a,re commo~: In our ~b.Jd)' .of a COl!Stal Oregon 
atersheO,. we found that inter111ittent s,treamswere an irripe(tant source dfcoho ~a.inion 
motts, R,E3siGJd~I pools in inter~ittent str~ams provii:led ameans by whichju\(enfle coho 
ould survive durirrg dry periods; :smolts tpat oxe~intered in.inte1miftent streams were 

larger tharllhos:e fro01 pereni::ital streams. M9vementof juvenile coho info inter~ittent 
ributaries from th~ f'll8tf1Stem was ~;mother W<l'f in WhiQh. th~ fish ex:ploited the O,abitat and 
illlJstr~~esJhe Jmportance of maintaining accessibility for entire strearrt, ne~orks; t.:oss of

0 

Intermittent stream.liabitat WOtjld<tl.S:vea rYe9,atiye effect .. on coho salmon pQpulations·in 
O'il'&tal drainages, inc:f.udirrg downstream navigable watel'S. 

Many wildlife species feed on anadromous fishes of several life-history stages. There is 
vidence for some wildlife species that the availability of anadromous fish is critically 

important for survival or reporduction. In some regions anadromous fishes in fresh water 
appear to be keystone food resources for vertebrate predators and scavengers, forging 
an ecologically significant link between aquatic and terrestrial ecosystems. The spatial 
istribution of anadromous fish in fresh water, including the occurrence of runs in very 
mall streams, has important consequences for wildlife biology (social interactions, 
istribution, activity patterns, possibly survivorship) and conservation of biodiversity. 

From lnt@'ducti~n]: Anadromou$ and fn~here:spawning m~rine fish provide a rich, 
ea~onat fo(;)cf resource tflat directly affects the biolog}' of bQth aquatic and terrestria,l 
onsurrie,rs andindire~tly affects .the ei::itire fCYod wet> ttrat Knits the ~ater and land 
gather.In addition,the'B~thors suggest thatthef)resence of a seasonally ~bYndant 
odreso,urce has heli:Yed tO. shape the e~olution of aquatic and terrestrial consume('.$ 

nd tha! prad~tors have. P,"roat>ably exerted recipro~al evolutionary f)re~sures qn their 
ey, P()tentiauy inflt.ienci~gthe .life history and .marpl)ology of these fi.shines. Finatly; the 
thors suggest,thatanadrernoas .. and lnshore-spawningfisltes con~titt.ite such an 

ant prey ~a~e for terrestrial wfldlife, that C()nventic>nal ecology tjogmas need to be 
eviseG!: lnteractiens betwee.n anadro01ous fishes arid wlfdlif:3 have bee,n rec,ognized as 

og s.ome g~neral ecological lmporta~ce (e,g., Brown 1Qff2), blilt only recently have 
r~mifcations .of these intera.ctiQns ~nd tfleir pote.ntial rrt,;agflitucie t>egun to bt:l 

xplored. B,ec~usemany ~f t~e e~ologicat links .still. need. to be describ~d a,nd .Qu~nfifled, 
h~ authors concentrate on sketc~fn:g an outline of ttre interaction~, documenting the 
ffects where !}ossibte .but.also. noting effeots that seem probable, .subject to future 
esearoh. 
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120: 98-105 spatially intensive survey in 1989 of 52 sites in the Red River drainage in southwest 
Oklahoma and surveys in all years from 1978 to 1987 on four sites in the drainage 
provided evidence that construction of Altus Dam on the North Fork of the Red River 
aused major changes in fish community structure in the river above the dam. Pre­

impoundment data on the fish communities were scanty, but the inferences they allowed 
ere similar to those obtained by comparing fish assemblages in the North Fork above 

he dam with assemblages elsewhere in the drainage, particularly along Salt Fork, which 
had similar habitat characteristics. Twenty-five species were collected in the North Fork 
above Altus Dam, compared to 33 in the Salt Fork and 34 in the North Fork below the 
am. The speckled chub Macrhybopsis (formerly Hybopsis) aestivalis and the chub 
hiner Notropis potteri were absent in the North Fork above Altus Dam but fairly common 

in similar streams elsewhere in the area. The plains minnow Hybognathus placitus and 
he Red River shiner Notropis bairdi were among the most common fish species found in 
outhwest Oklahoma, but were not collected above Altus Dam in the 1989 survey and 
ere collected only intermittently and in small numbers in the long-term survey. We 
peculate that these two species have repeatedly been extirpated and have been 

reestablished as bait-bucket introductions since the dam was closed. Upstream of the 
reservoir, the sand shiner Notropis stramineus and the emerald shiner Notropis 
atherinoides replaced the plains minnow and the Red River shiner as dominant species, 
and several reservoir species were more common. Significant negative association at 
wo long-term sites suggested that the sand shiner and Red River shiner were filling 
imilar niches. 

126(4}: 699-.706 tre South Fork basin oftheCoeurd'AleneRi'ter,Jdahe, tias been an area Ofh~avy 
mining act.ivity sincefhe 1S80s.Tlie mining operation~ ba~e resL.1lteq i~elevateQ 
Qf)C¢'ntrations of metals in surface ~ater,·most notably cadmium, lea'Cf, zinc, ~and, to a 
esser extent, coppe:c 'fh~ metals affected surface water:,quali'tV downstreamJn tfle 
OE:JU~ d'Alene basin and are, su~pected to be one ofthe pr,imary re~sons for the 
ed~Ctionln pop4Jations ofnative:westslope:ct1Uhroat trout ()ncothyn,ctux,s claf'ki lewisL 
he avoidance, respon,se of a surrogate spe:dies, Snake River cutthro;~ftrout 0. cfarki 
1:mm:1~ed subspecies), was e!Bl!Jated against conditians ~imulating those in the Coeur 

e. River.basin:: Cutthroat trout avoided a metals mixture oftheseoonce~trations: 
30 µ.g/L), Clj (6.0 µg/L), Pb (O~e IJQIL), and.Z~(28 µg/L).The·avoidanee response.· 

o ~ith~r Cu or Zn a,ton~ was simila,r to the avoidance response to the mixture., 
uggesting that avoidance to the mixture wa~ c;it1e to 1;hese:metals. After acclimation to 
n at 55 pg!L fo~ 90 d, cutthroat trout detected andpreferred a .low~r Zn .. con~entratron of 
S µg/L,: Tfie lowest Zn concentrations avoid~d (28 µg/b) were .1 /6 to .1178 Jhe Zn 
o:nq6,~trations mea~ured. in tne. South Fork and lower Coeur d'Alen,e River ~asfns. 
void.ance ofmetafs_.contaminatErd habifats by cutthroat trout may be, in·part, 

.esponsible.forr:educedfistt. populations. 
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Recent declines in the number of sockeye salmon returning to Lake Clark caused 
conomic hardship in the region and raised resource concerns among local subsistence 

users and Federal managers. This final report describes findings from a two year study 
ith two primary objectives: 1) to identify sockeye salmon spawning areas using radio 

elemetry, and 2) to describe genetic variation within and divergence among spawning 
populations. Radio Telemetry Research: A lack of information regarding spawning 
habitat distribution in Lake Clark instigated this study. To determine spawning 

istributions, 332 adult sockeye salmon were radio tagged as they entered Lake Clark in 
000 and 2001. Fish were relocated every 5-10 days by boat, plane, or remote solar 

powered receiver. On average, a radio tagged fish was relocated 12.7 times (range, 3 -
33) and over 3,500 relocations were made. Thirty-five spawning areas were identified, 
including three sites downstream of the tagging area and five sites identified by visual 
bservation or seining. Eighteen areas were newly identified. Most Lake Clark sockeye 
almon spawn in the Tlikakila River, Kijik watershed and along beaches of Lake Clark 

and Little Lake Clark. Spawning habitat locations were mapped into the Geographic 
Information System for Lake Clark National Park and Preserve. Surprisingly, over 60% of 
radio tagged salmon spawned in turbid glacial waters; most of which were adjacent to an 
bvious clear water source. About 75% of identified spawning habitats are adjacent to 

privately owned lands, many slated for development. Proactive measures should be 
aken to conserve these habitats. Genetics Research: Prior to this study genetic 
information was lacking for Lake Clark originating sockeye salmon populations. 
Molecular genetic markers provide managers with more precise tools with which to 
identify and manage fish populations. Small clips of fin tissue (non-lethal) were obtained 
rom 1,442 sockeye salmon representing 13 Lake Clark and 2 northeastern Lake lliamna 
pawning populations in 2000 and 2001. Allele frequencies differed significantly across 

11 microsatellite loci in 94 of 105 pair-wise population comparisons. Pairwise estimates 
f FsT ranged from 0 to 0.089. There is significant genetic divergence between 

populations of Lake Clark and Sixmile Lake, the latter being more similar to fish of Lake 
lliamna. The reduced numbers of alleles and strong divergence of most Lake Clark 
populations relative to Lake lliamna/Sixmile Lake populations suggest a bottleneck or 
period of low population abundance, resulting in reduced genetic diversity. The greatest 
bottleneck effect detected and the most genetically distinct population was found in 
Sucker Bay Lake. Possible causes of these bottlenecks include reductions in effective 
population size associated with recent poor returns or colonization of new spawning 
habitats. Samples shared with the Alaska Department of Fish and Game for a Bristol . . . . 

hougtihurnpb~ck whitefish.ar~the second rnostlmportantsub~istencefish species 
rve1ste1(:1 in the Kvichak River watersha'd, fe~ d:ata are a"ai!able to assist managers ii:i 

valtia~ing a reported rec~nt decline in, this species' ab.undance .. lnit.iaf rese,arch on· 
jhumpba<lk whiiefi~hin Lake Clark (\Jati~nalF'ark.began in 2005, and iQdicate~ they<tre 

th S'.ttractedto.and1derive, nu:trtents frorn~r,-radromous s<,>ckeye salmon. 9urgrowth 
1.,Jaticms (Figure 8) indi:C~fe rapid gr~n imtU age 4 ,... 7, wf!icf\ isJikely when individuals 

~ sexu~Uy mature Which would sl~w growth ra,tes. The.Jack of indhti~ua)s of 
rnS:dtate stzes coufd be Cjue to differences in year class strength, selection by the 
isteMe.fishery, or predators;. Afterflsh reach a size of ~~sornm, pi:edation li.~ely 

ine§. and mortality.in the ·P(JPUJat!on i:nay stabilize at a low. fe~el .f~rthe re~t of the Hfe 
. The lack.of a strong.Sr spike tri the 1? etolitf:ts anatyzE~d ~or arra~romy sugg.ests 

ake C?tatk whitefi~h either remain. in freshwat~:tr throu~houtth~ir life, _or that ttr~y ~se 
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Combined stream survey data for 2008 - 2010 indicated salmon presence in 3 of every 4 
headwater streams of less than 10% gradient draining to an anadromous river, including 
treams on top of the Pebble Prospect. Rearing salmon were documented above dry 
tream reaches and in waters disconnected from rivers suggesting salmon access such 
ites during annual floods or via subsurface groundwater channels. Non-salmon species 

important to subsistence, such as Dolly Varden char, were found in 96% of streams 
urveyed. A total of 168 km (104.3 miles) of previously undocumented salmon streams, 
ere nominated for the first time to the State's Anadromous Water Catalog. The State 

accepted all 2008 and 2009 new salmon stream nominations, available at 
(http://www.sf.adfg.state.ak.us/SARR/AWC/index.cfm) and 2010 nominations are 
urrently under review. Aerial survey data verified adult salmon presence in an additional 

358 km (253 miles) of streams and rivers that needed confirming data. This study 
underscores both the importance of headwater streams as essential rearing habitat for 
almon and the lack of basic ecological information for two of the world's most productive 
almon systems, the Nushagak and Kvichak River watersheds. 

his reportdescribEis findings trQ'm ·~ socke)'e satm()n On:ct:Jif1'111cttt.Js nerka radio 
I etemetry aM spawnjng habitat study conducted Jn ~he bake .Clark watershed .. in 2000 

nd 20Q1:Theprimary Objectives ofthisresearchyvere H to facate.and map aMmajor 
P"a~ning ag.gre'gations 2) to determine basic chaf'Scte~istics of spawning habif8ts, and 3;) 
o det~rroine tn,e distribution9fprivate land uses. an~ su~sistencefsport use .locations in 
elation to salrn(lf1 ~pawning. habitats. Thiey-five spawning areas were identifieid, 

Eighteen ~re~s IAl~re J;l~l}t idef)tified.. M0st Lake CJ~rk S()Ckeye salmGn. spawn in.tbe 
Hkakila .Rlver, Kijik watershe<tard along b~aches ot Lalie Clark and L,JtUe Lake Clark. 
urprisingly, ove~ 60% of radio tagged satroon spawned if} turbid glacial waters; 
oV'lever, the·timingof spawning activity in turbid habitats C()incided with a, dr~roatic 
ecrease In the concen~tion of susp~nded s~qimentand turbidity. Water quality 
araroeters were au within acceptable range for freshwater aq11atic lite,. Subsistence 
ishingJ~r migrating sockeye safmon occurs throug~out lake Clari< near seasor,ial and 
E!ar-:roucyd residences: Residents of ~ond~lton ftarvest red fish (spavmin~ socke,ye 
al mo~) from spawning ar,eal'>: Sport harvest occurs atthe outlet of L~k:eClark; the outlet 
.f Tanalian River, and within th:e Kijik Lake. drainage. Subsrs.tenee and sport fishers 
urrently ha~est less than one percent of th.e .1.::iake Clark~sea,pement. ·Abol!t 75~. of 

1demttfied IS.pawning nabitat$ are>adjacent to .privately own~d +ands, rnf;1ny'slated for 
evele>prnent Proactive measures should be taken to conserve these ttabitats. 

None 

None 
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he purpose of the study was to obtain current estimates of the economic contribution 
f sportfishing activities to the Alaska economy and develop a consistent method for 

producing such estimates on a regular basis. Sportfishing is important to Alaska's 
conomy and culture. The vast majority of sportfishing takes place in the Southcentral 

region of Alaska, which includes Bristol Bay. $989 million were spent in 2007 in the 
Southcentral region, 11,535 jobs were supported by the industry, and $91 million were 
enerated in state and local taxes. Expenditures are analyzed. About half of 
portfishers are Alaska residents, and the remaining half travel from out of state. 

map depicting water booies)n the USGS Naknek quadranglein which ahadr:omous 
ish presence tras been d(:!cuJnented.(presence iodfqated by boJo blue). Updated 
e(Sions oftfiis map may be. obtained fr0m: . . . ..... · . . · 
tt,p:l/www :sf.adtg,state.ak,us/SARR/AWC/in:dex:ctm/f A/maps:rnaps. 

map depicting water bodies in the USGS Dillingham quadrangle in which anadromous 
ish presence has been documented (presence indicated by bold blue). Updated 

versions of this map may be obtained from: 
http://www.sf.adfg .state .a k. us/SARR/ AWC/index.cfm/F A/maps. maps. 

111aP depictirrg:water boc;;Ues, In .the USGS lfiamoa qYadranijle fhwltich anadromous 
1sh presence has been documented (presence in<:tirrated by f>old blue). Updated 
er~k~ns of ~his map may ne obtaif!ed from: 
ttp:l/www .sf:adfgistate.ak .. uslSARR/.A.WC/index~cfml!=Afmaps.maps. 

map depicting water bodies in the USGS Lake Clark quadrangle in which anadromous 
ish presence has been documented (presence indicated by bold blue). Updated 

versions of this map may be obtained from: 
http://www.sf.adfg.state.ak.us/SARR/AWC/index.cfm/FA/maps.maps. 

table with sport fish harvest in southcentral Alask~ (including Bristotaay~ .li~ted by 
pecies for salfT1ofl, resfdent fi~h, as welt as smelt, M:alib~t, sflark, roc:kfi~h, Hngccrd, 

Pacific cod, razor clams, an~ otherfish: . May be obtained from the ADFG website: 
ttp:71www.sf.aGlfg:state.ak.us/StatewidetFishingSurvey/index,cfm?FA=region.result$. 

DFG news release describing the 2010 Bristol Bay Salmon season. The run was 
stimated at 40.19 million fish, with a preliminary catch estimate of 29 million sockeye 

ranking 17th and 11th, respectively, since statehood. The inshore run was 6% above 
he annual 20-year average (1990-2009) of 37 .97 million, and 1 % higher than 
orecasted. The Naknek-Kvichak District harvested 10.66 million fish, 28% higher than 
orecast, while the Nushagak District harvested 8.3 million sockeye making it the second 
largest harvest in the history of that district. Other salmon harvest numbers are included 
or Bristol Bay: 31,400 Chinook, 1.09 million chum, 104,000 coho, and 1.34 million pink 
almon for an overall harvest of approximately 31 million fish. The ex-vessel value of 
he 2010 fishery is calculated as $153, 115,042. Additional details regarding allocation 

and species performance are included in the release. This news release is preliminary 
o report which will be published in the coming calendar year. 
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his cfocu111ent includes 40 i:iaps ouifinir,tfif land .Elfesigrratio~s and. f\a~itat areas in Bristol 
B~y t,or ·l'flarine invertebrate gathering, waterfowl trapping, salmon, freshwater fish, 
marine mammals, caribou., g.eese, shorebirds, gulls and terns, eagles, Stetlar's eideps, 
rowrl :baart, and sw:ans for each .community. 

his document describes lure restrictions for rainbow trout and lists catch-and-release 
and fly-fishing only areas in Southwest Alaska. It includes a map detailing fishing 
restrictions. 

Nolle Yes 

EPA-7609-0000586-0690 



None 

None 
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None 

None 
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None 

:dCl(esses. the i.rripact:s of roads to. satrnonl.d .rivers in he~dwater strearns. 

he article highlights the importance of habitat diversity of Bristol Bay sockeye salmon 
o local adaptation. 
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None·· 

dichotomous taxonomic key to fishes of the Kvichak including 22 known species 
aptured by seining, gill netting, trawling, angling, tow netting, and rotenoning. 

his report i~ one .of very few ttlat provide baselin~ liS,bitat data in the Bfistol Bay Yes 
rainage area, Kijik Lake is outside ()fthe area ttratwould be elireci'.IYlf11Pacte(;f by 

rqinerat development, thou~h th.e spawning salm8n populations mrgra:te through the 
project area to reachspawnins:tbeds 1n Kijiklake. 
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he report documents sockeye and coho salmon as well as rainbow trout, Dolly Varden, 
retie grayling, threespine and ninespine stickleback, northern pike and slimy sculpin in 

Upper Talarik Creek, the South Fork Koktuli River, and the North Fork Koktuli River in 
he vicinity of the copper deposit. Chinook salmon and burbot are also documented in 
he South Fork Koktuli River, and Chinook, chum, least cisco and humpback whitefish 

are documented in the North Fork Koktuli River. Only resident fish species are 
ocumented in the Chulitna River drainage, including Dolly Varden, Arctic grayling, 

pygmy whitefish, longnose sucker, ninespine stickleback, and slimy sculpin. Slimy 
culpin were the most abundant and widely distributed fish species in the region, 
allowed by Dolly Varden. Spawning sockeye and their carcasses are documented in 
Upper Talarik Creek downstream of the North Fork confluence in general agreement 

ith the State of Alaska's Anadromous Waters Catalog (AWC). Coho were found 
hroughout the Upper Talarik and North Fork Koktuli River, in extension of their 
istribution shown in the AWC at that time, and the author states that 'it is strongly 
uspected that the very extensive network of connected backwater areas and side . . 

None 
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he Alagnak River in the. Kvichak drain~ge 1s·gerre.rally accessed bf ftGatplanes from 
Ki~g Safmon or a:ea lodges. This report d~cu~ents the numtrer of anglers In .both 
oats and rafts on fc;mr reache~ of the riverfr?m Ju~e. thfough Augti,st, Ang.Ung was 

mast common in the. lower river, with as many as 110 anglers per day:. 

None 

he trasic featu~es ofstrea1Tl ecosystem struc!tire an.ct varfous .functio:hal. edological 
o,mpen~nts an<'.l their interretationsh!ps are cte,fined mrs(lme representative stream~. 
he article focuses on.two .Qener~lfunctions of running waters: the efficient co~;v~rsien 
f qrganjc matter, espe~ially particulates, to C92 and the maintenance of a minor role 

pfaye.c;J by i11-'st~eam plant ·growth: The articte ends .. vvith a plEra to incorporate the •new 
tream ecolagy'Jnto ma,nagement strategi~s directed at freshwater rese~rces, 
uggesting that ma:na'gement atth~.ti.mE3.thE3 article.\Afa'S vvriifen V\f8St00 a:nthf(}J)OCentrrc. 

None 
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Describes the water source for Clark's Point as spring-fed wells. Water is treated with Yes 
hlorine and flouride. Commercial fishing forms the economic base for the community. 

Fish and salmon subsistence activities are crucial to the livelihood of residents. 
Location, climate, history, culture, demographics, facilities, other utilities, schools, health 
are, economy, transportation, organizations with local offices, and regional 
rganizations are also described. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes ttte water source for Dillingham as thre~ 'deep weHs. vvater is treated and Yes 
piped to40%oHhe corf\munjty. l'he remaining 60°,/0 ~se.indrvidua,I wells. Commercial 
1sh,ing, fish process.ing andstorage, and other support for the fi5,hir:g industry forms the 
conomi? b,ase. for tn,e community. Fish and wifdll!e .subsistence actMties are d.rucialto 
he livelihood ofresi~ents, Lo(}ation, climate, Oistory, coltur~, demographics, facftitie~, 
th.er utnitie5:, .schools, .. h~~lth care, economy, tran~portat/on, organizations with Joc,al 
ffices, and regional organi2ations (lre alsp describ~fl. May t;>e obtained tom OCR.A 
ebsite: http:llwww.oommerce.sta}e:ak.usldcatcommdh/GIS.cfm. 

Describes water sources of individuals as wells, or surface water from a nearby Yes 
unnamed lake. Ekuk was formerly home to a fish packing company. Location, climate, 
history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 
escribed. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 
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Describesthew~t~rsourcefor EkWokas primariiytndlvid~alwe!Is.Fishand wilolire Yes 
ubs.istence activities ar~ crucial to the liv;eHhooqt o.f resiaents as .most residents are not 

interested in participating in a q~sheconorny. A ham:ffut of residents fish cornm,.ercialfy, 
nd the vi corporatio11owns a fishing. lodge. ~oGatlon,; clima~e, history, culture, 
emd'g . ··. facilities, otherutilitie~, schOols, health care, econqmy. transportation, 
rganizations.wi1h looat offto,es, and reijio!1al organiz,atiorrs are also desc~ibett May be 
btained from D9RA website: .. ·nttp://www .commeroezstate.ak.us/dca/eommdb/CIS:C:frn~ 

Describes the water source for lgiugig as the Kvichak River due to inadequate Yes 
roundwater supplies. Should mining commence, the risk of drinking water 
ontamination of the Kvichak River exists. Residents depend on the commercial 
almon fishery as well as fish and wildlife subsistence activities. Trophy rainbow trout 

attract sport fishermen to the area, and seven commercial lodges operate in lgiugig, 
erving sport fishermen and hunters. Location, climate, history, culture, demographics, 
acilities, other utilities, schools, health care, economy, transportation, organizations with 
local offices, and regional organizations are also described. May be obtained from 
DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Descrlbeswater so~rces fo(llla~na. as. individual• wells'. . Gom~ercial fishing, $'port Yes 
1shing<and tourism ~re liste~ as major sources of i~corne for the community, 
ubsistence hunti~g and fishing is also. aofmportant soo~ce of liveHhooo for the 
Ommuoity, Also descfibesJocatiop,.ctimate,historv,1 cuJture, demopraP,hics, fac!Hties, 
Ulities, ~cno,ots, ne~ltf) care, .economy, transportatiQn, organizatfcms with .. local offices, 
nd regj~naf orga11:izatiQ'ns~ May be. obtained frofl! SCRA website: 
ttp:llwww:comrnerce;$tate.ak.usidca/comm~b/CIS.cfm. 

Describes water sources for King Salmon as primarily shallow individual wells, and a Yes 
mall community well for FAA housing. Commercial fishing is important to the King 

Salmon Economy, as is tourism given its proximity to Katmai National Park and 
Preserve. Sportfishing is also popular in the area. Location, climate, history, culture, 
emographics, facilities, other utilities, schools, health care, economy, transportation, 
rganizations with local offices, and regional organizations are also described. May be 
btained from DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Descrlt5es water sources fcit Kokh:arrok asa piped water system as well ~s a.sepafate Yes 
eDand .treafm~nt{acility for the tocal scttooL .. Corm'.!1ercial fishing is an important, if 
e~l~ning ec<:>nom;c. base in the community. Mostresident~ r,ely heavily on fish and 
itc:Uife s.ub~istence. Also de~cribes location, climate, histOry, culture, d~mographics, 

acilities,:utilities, schools, health care~ ec(:Jnomy, transportation,.organizations with looal 
ffices; and regional organiza,tlons'. May be obtained from .l)CRA.wensite: 
ttp:f/wyvw.commerceJstate.ak,usU:fca/oommdb/CIS.cfm .. 

Describes water source for Levelock as individual wells. Commercial fishing, fish Yes 
processing, and storage form the economic base for the community. Fish and wildlife 
ubsistence activities are crucial to the livelihood of residents. Location, climate, 

history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 
escribed. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 
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Describes Nakne~·s l/\l,f2tersource as prin:ianly i,ndividual wens. Comr'Y}erdal.fishing and Yes 
processing are eentral to th:e eeonomy of the vnh:ig:e. Government is anr:th~r source of 

mptoyment in the vtllage. L.ocatton., elimate .• history, culture, demographics'. facilities, 
her utilities, schools, health care, econ~my, transp9rt~ttc>,n, organi:Z:ation,~ with J0cal 

ffices, and regional 0rganiza1ions are also tlescribed, May be obtained from OCRA 
,,, ,,,, '',,, ,, ,,,, ,,, ,/\,, ,,, ,,, ,, +, 

Describes water source for New Stuyahok as treated community well water. The Yes 
almon fishery forms the economic base for the community. Fish and wildlife 
ubsistence activities are crucial to the livelihood of residents. Location, climate, 

history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 
ascribed. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes waters,oafoes.forN~whalenas treateawaterderived froma ~ommuoltywell. Yes 
ommercial fishing and sport fishing .for trophy f'ainb?w tro1,1t provide econ~mic 
JJPOrtunities in. Newhalen. Residents a:tsod~pendpn fish .andwildlifeto supportlheir 
ub~iste:nce l!festyle. Also de~c,ribes loc~tion. climate, history, culture, Glemo~raphics, 
acillties,utiiities, s(3hool~, health care ..• ~.conomy, transportaticm1 organizations with·loaal 
ffice.~, an~ regional organizations: . May be ot>tatned trom ElPRA website: 
ttp:fMww.commerce,state.ak .. us/dca/c:ommGlb/Cl.S •. cfrn. · 

Describes water sources for Nondalton as treated surface water from Six-Mile Lake. Yes 
Commercial fishing and subsistence hunting are primary sources of livelihood in the 
village. Also describes location, climate, history, culture, demographics, facilities, 
utilities, schools, health care, economy, transportation, organizations with local offices, 
and regional organizations. May be obtained from DCRA website: 
http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes water 8,(Jt.trces .forf?edro.Bayas lndi:ViduaJweu~·orsurrace·water tfofn lliamna Yes 
L~ke. Em~lo,-ment conststs largely ofcon:imercJalfishin~ and tour!sm services: 
u~si~t~nce hu11Ung .. arrd fishing is also an fmporfant source ofUve,linood. Al~o 
ascribes location, climate, history, culture, demographics, facilities, utilities, schaols, 
ealtfr care, economy, lr,ansportation, orgaf}izations ',Nith local offices, a.nd regional 
rganizations7 . May:ne Obtained frorn DCRA. website: 
ttp:/:/www:c:ommerce.state.ak:us/dcalcommGlf>/CIS .cfm. 

Describes water sources for Port Alsworth as individual wells or hauled water from Yes 
nearby surface water sources. The economic base of Port Alsworth relies on lodges 
and outfitters/guides for summer recreation, as well as limited commercial fishing. Also 
ascribes location, climate, history, culture, demographics, facilities, utilities, schools, 

health care, economy, transportation, organizations with local offices, and regional 
rganizations. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes w~tersoutces :tor. Portag~ Cre~k as hauled tom, downriver (Port~gij: Creek). ¥e8 
Resldents·depenc:ton fish and wildllfe.sutlsistenceactivities, and a lodge oper,ates · 
urin~ the s,ummer. ~ocatioh, climate, history, cuftUre, demographics, facilitie~, other 
flltties, sctiools,heaJthcare, economy~.transpertation, organizatioos~ith local offices, 
M re~iona,torganiz3,ttonsarealso·de.scr!bed: .May be.obtained from OCRAwebsite: 
ttp:/Jwww..commerce:state~.ak'.us/dca/commciblCIS.cfm'. 
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Describes South Naknek's water source as primarily individual wells (surface or Yes 
roundwater are not indicated), and some piped water. Commercial fishing and 

processing are central to the economy of the village, and residents depend on 
ubsistence hunting and fishing. Location, climate, history, culture, demographics, 
acilities, other utilities, schools, health care, economy, transportation, organizations with 
local offices, and regional organizations are also described. May be obtained from 
DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

None 

he study was conducted in the Pedro Pond complex, a group of ponds connected to 
he east end of lliamna Lake near the village of Pedro Bay. 
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None 

Similar documents produced in previous years may be obtained from the ADFG 
ebsite: http://www.adfg .state.ak. us/pubs/dept_publications. php. 

None 
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None 

h.e. paper describes t~e. Kvichak: River .system as th$' l~rg oducel' of sock.eye 
almon .. in Alaska, as welLas the history ofthe Bristol Bay . .. . ... industry and the 
ockeye ru,ns;. Population dyn~mics O! the fishery are modeleGI, and management 
ltematives are discussad b'as~d on tlie results. 
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he Alaska Fishery Research Bulletin may be obtained at the following website: 
http://www.adfg .state .ak. us/pubs/afrb/afrbhome. php. 

~e repo~ includes a map of areas used by:Manokotak lit,inters to harvest inoose and 
marine .mammals, and doc,umentsepible weight ofsubsrstenc:e forManokotak and 
Dillingham at 2006 and 715 pm.inds~ respecti~ely. Mean housetrold JrarV:est is 
ocum~ntedfor 19 Brist<>t B.ay communities f0rsatmon, .. otherfish,, m~rlneJnvert~t:>rates 
butteram:I rai,or clal"fls),. land mammals, marine mammals, furl:}earets, .birds and eg.gs, 
nd plants. Response to growing hunting. pressure by recreational hunters is discussed.~ 
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Similar reports for previous years may be obtained from the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 

his reportl:>~ietly'dei:cribes· the<su~sistenc,e ~sheri0's oftfle Bristol. Bay .Management 
reia., pri(TlaJY focus on the sal(Tlonfisheries. It is based pn informat,!on gathered 

(:lepartmenfs subsi~ten~e salmon permit syst~m and from research 
onducted byth~ Division of,Subsistence.The populatton, c~mmunities aM cash 
conomyofth,e.region aredescribed. General .h~rvests inBristol Bay aredescribed as 
mongst the .largest inthe state ~nd include salmo~ {51 % of the harvest),. lanq 

mammals (mostly.moose arrd>caribou, 31%), n,on:::salmon, fiS,h(1E>%), and other. 
esources such as marine mammals, b!rd.s aM ~ggs, marine invertebrates; and.wild 
pl~ots {8°/o ): Th.e av~i;age annual value ~f. the average ho~sehold subsis!errce in the 
egion is ~sti(Tlatedat $7, 195 overall, am;t $11~~20in vilf(!fge housel)olds in a region wtth ·· .. 
verage, annual inQome 9{$13,15'4. Subsii;tenc~.regul~tlonsare described and 
ubsistence permit us~ is ·charac,terized .. Results indicatesubsi~tenc~ s~lmop t:farvest 
as declinedmore than.h~lfJn the lasttwodec~et;, primarily in the Nusffag~k+and 

Ni::iknektKvichak districts as the result of lower average catches rathertt:f~n .less 
participation by ~esideots .. Declines are attribute~ to poor.retums, ~ndscarcitiesof 

at111,on, in of)ce ~eliable traditional. harvest loc,auon~>. The report conc,fudes that 
· ubsistence fishing is crucial to the econom~ a,nd wa.Y of life of Bristol Bay,. provfc:Ung 
utritional and economic value, and sup.porting cultural and social values. 
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Bristol Bay subsistence is described in pages 63-74. Regulations are discussed, and 
ubsistence harvests are estimated at 124,679 fish for 2007, the majority of which were 
ockeye salmon (80%). Subsistence harvest is broken down by region. Subsistence 
or non-salmon fish are also described, including halibut, Alaska blackfish, burbot, Arctic 
rayling, Arctic char, Dolly Varden, lake trout, longnose suckers, rainbow smelt, 

rainbow/steelhead trout, herring, northern pike, and whitefish. Similar reports for 
previous years can be obtained from the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 

··. i;alysis for Port Alsworth,. Nondalton, fliamna; ~nd Newflaten. Kvichak .. Riyer sockeye 
almon comprtse th~ largestsubsistence harvest i~ Brtstol Bay, but are listed as a 

'stopk of m~oagement concern" due to tfte stock's chronic in8,bllity to.meet ~scapement 
oals: .The. st~dy indice!tes ttfat poor returns were a f~ctorresponsU:~I~ for steadily 
eclini~g harvest since:the ~960.s, D.eclining..returos are of.great concemto restdents; 
u,P:~isteilce harve.st between the four communities has ranged. from about 30,000 to 
~early 90,000 sockeye salmon since 19.f:J3; comprising from ~4% .to .89% ofthe total 
· ufisisten0e harvest The r~port includes maps of subsr5te11ce fish camps and haryes,t 
locations on Hia.mna Lake, Sil<r(lile t:.~ke, hake. Clark; and th~Newhalen River. Fishing 
nd pro°,essing is Clescribeq and fHUstrated. Kinship relations between subsistence 
1shers aswellas distriO,t::Jtion of fish abeut the v,nrageare d~scribed usir,ig case st~dies. 

in~i::r fishing·:an~ norFsalmon fJ~hing.are also discussed briefly. OecEniog populations 
·· f carit:iou and moose are ~is,cussed as. an .expl~natron for higher harv~st goals for 
~lmon i.nrec.ent ye'ars~ lncceas:e;d fuel costs are a r(la,jorconceminthe reg,ionand also 

may increase sub~istence harvest goals as. the co~t of shipping ston~:-bougfit foods 
ln:reases acc,ordingly. Cuft~ral and ~oci~I v~tues of~ubsistem~e, are expl~red .. The 
titflors conc;l~de subsisterlce fishers haye develop~ti fishing. and processing practices 
hat prc:>ffiQte conservatfon anc~ self-man:agemeot, support family.and community 
onnections; as weUas spirituatity and ctdt,ural tradition. rha subs,istence· fishery Jor 
he:se cPmmunifies ultimately praduces many tho:usands otpeunds of nutritious, virtuafly 
irrepJaceabte food. 

None 
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h:e report QeS9'rib~S the high-sea~ ijistribution;. migratio~S and fdentlficatlon Of majot 
tocks ofsoc,keye S:alm?O·· togetner with the relationship of dl~tributiof) tC>, the ··•• 
nvironment A briefd1scussion Qf the life .hlstoiy. of !riOCkeye salf!l<?nand of the 
pawnir,tg:stocks is provided as tJackground·info:rmation. The. re,port (lonetudes .. with a 
ection ~etafHng .the distribution .and hYf'.)Ottietical models of rtligr~tion Of stocks Of 
ockeye satmon~f Asia 8f1d Nort,t,1 America. eage 4 incl.udas a .. maJ!) representing 

locations.of important sockeye satmo,n. river systems and average annualpommerctaf 
atch of S'ockeye satmon in. important aoa.st and high se~s .fishing ;areras, 1~6h'f971. 

Bri~tol Bay is the only regicmon th~map with a commercial cat~h l:>f over 5 million fish,. 
ocumenting ft a:sthe world's largest corhmercia:l sockeye .salmon fishery. 

In light of the crisis of salmon declines in the Pacific Northwest and the billions of dollars 
pent unsuccessfully to restore them, the authors review the growing body of literature 
xamining the importance of salmon derived nutrient subsidies to both freshwater and 

riparian communities. The Bristol Bay region is used to illustrate the magnitude of 
nutrients imported from the ocean, as much as 5.4 x 107 kg of Nitrogen, 2.7 x 105 kg of 
Ca, plus other macroelements for a run of 20 million sockeye. Those nutrients disperse 
as far upstream in freshwater as suitable habitat is accessible, extending the interface 
between ocean and land. A multitude of species interact with and benefit from those 
nutrients including bears, insects, birds, benthos, zooplankton, and riparian vegetation. 
Salmon-derived nutrients increase lake productivity, macroinvertebrate growth, and 
·uvenile salmon growth thereby increasing their survival. Birds associated with riparian 
habitat are found in greater densities on salmon streams. The carrying capacity of 
bears increases vastly where salmon are available. Fitness-related variables, including 

rowth rates, litter sizes, and reproductive success, have been attributed to salmon 
availability for salmon consumers such as eagles, bears, and mustelids, highlighting the 
importance of salmon to their population dynamics. Management implications of 
reviewed research is discussed and the authors point out that artificially placing 
arcasses is not a realistic management decision due to the magnitude of carcasses 
hat would be needed, and stream fertilization does not support the terrestrial 
nvironment like salmon. The authors indicate that the preservation of processes 

related to salmon-derived nutrients is of particular importance. 

he. repcort 'documents tagging unvtertaken in 1922 to determine spawning .grounds ef 
t1e·importantsockeye salmon fishery in whatv.tas known at the time.as the·AJa~ka 

Peninsufa F,isheries Reserva:tron. ··• Sockeye tagged .and ~leased atUoga Island. of tne 
umagin Island <SrofJ:p,and Port Moller are do~urriente~ tor tfre ~rst time returning to 

Nakm~k, Kvichak •. ·and Nushagak fishing grounds In Bristol Say, indicating seme 0f.their 
marine range. 
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None 

he article includes figures anti dat~ regarding S'almcm-derived nitrogen Jn nu:sery lakt;ts 
in Bristol.Bay .dating tiack to A.O, .1.700as well as annual uatch ofwestern Alaslc:a 
ock.eye salmon'. 
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preeminent te~ cm .Paeifit salmon eqo.Jogy. 
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outt:iwest Alaska and the Arctic-)"ukon--Kusko~wim Delta are considered to€Jether for 
he purpo$e~ of this report, Which. provides a. pr9file of.sport angt~rs, the economic 
ignificance of ~portfishing, and the net econ,omic value to the sfate. It lists Bristol 

Bay'sNakoek River as .Alaska's 9th most popufar sport fishing site. 
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None 

Lake lliamna seals are referred to as one of only two populations of harbor seals in the 
orld that reside solely in freshwater without exploiting the marine environment. It 

indicates that they exhibit no regular movement up or down the river. 
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Nohe 

he author hypothesizes that the good biological track record for Bristol Bay arises from 
our factors: (1) a clear objective of maximum sustainable yield; (2) the escapement­
oal system, which assures maintenance of the biological productive capacity; (3) 

management by a single agency with clear objectives and direct line responsibility; and 
(4) good luck in the form of lack of habitat loss and good ocean conditions since the late 
1970s. Catch and spawner-recruit data are presented for the area, as are landed 
values for some of the fisheries. The author hypothesizes that the economic failure of 
he Bristol Bay fishery is due to the converse of the factors leading to biological success: 

(1) unclear economic objectives, (2) lack of direct agency responsibility for economic 
performance, and (3) bad luck, and presents potential solutions to economic failure. 

None 
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!though the study area would not be directly impacted by mine development, a great 
eal of tundra ponds, similar in nature exist close to the proposed development. 

~i~article has implica1.i~nsfqr fisheries in that the ~pecies analyzed. ~er:Ve as tmportant 
or.age items tor fisJ:t Climate charrge may reduc. e .to. rage de:ns.ltie:s and size. 

% •• • • 
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None 

hispaperexp~ores the reason the eartf) st,if:>ports so.m~nykinds ~forganlsms. n: 
ocuses attention qn problems of species dive~ity and comm~nity orgarrization that 
ave occupied many theoretical and erhi:>irical ecolt:)gists be for~ anti sin~e itlfia5, written. 

ftconcludes that faxa containing many qi.versified species ~it! 'evolve' .more readi.ly than 
n€1iv~rslfied taxa? with tin,iits imp:osed by brain sJz:e an€! 'niche' space,; t~e evolution of 
1ofogical comr,nuntties produces complex inter-relatro:nships which i~crease the stability 
f the community as a ~h?te; arfd th.at smalfer organisms exhibit greater diversity ttran 

targe ones, and thus the e'!l()lutionary processes a,rec:Ufferent for smaller. organisn,is than 
or large ones. Hutchinson further notes in de~ling with human activities, ·tne stability 
provided by diversity can be valuable even to.the most adE{ptable ofalf large. animals. 

he article arguably serves as the basis of freshwater biogeochemistry. It is one of the 
irst to discuss streams not as isolated systems, but strongly linked to the valleys that 
hey drain in complex chemical and biological relationships. It describes the influence of 

valley geology as well as vegetation on inorganic chemistry of streams. It discusses the 
importance of water source, valley slope, soil permeability, and terrestrial vegetation 
ranspiration to streamflow, referred to as a prime ecological factor in streams. It further 
escribes organic inputs driving water chemistry and stream foodwebs and freshwater 

macroinvertebrates. Finally, the article underlines large effects resulting from 
anthropogenic activities in stream valleys. 

Between 1975 and .2008, the Commercial Fiine11es ijntry Commision (Crl:C) issued 
1,~75 drift gilln~t an~ 1,041 set gfHnet permits: Permits held by lo~I Afaskans has 
rop~etl while pern1its to nonloeal.Alaskans arrd nonre~Jdents has.increased dueto 

permit.tran~f~r, permit holderreloo~tio~, and pe.rmttcanooHatiorL .Eamingsar(i'I 
present~da~d range trQr,natotaI~f $10,529,539 Jn 1975 to $t86,085,76S in 19tJQ for 
he drift gUlnet nsheryariC:t $t039;384 in 1975 to $26;789,26$ in 1988 for the giUnet 
1shery .. Earnings are. also presented. 
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ddresses the impacts of roads to salmon id systems including extirpation of salmon 
resulting from low genetic diversity caused by roads crossing salmonid streams. 

port fishiogpa~icrpatron ... rs broken out by.regionsintabtesat 1~e en(i·ofthe report 
Bristol Bay is included l.n. southcentral Alaska for the purposes. ofthis report. 
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his catalog is a numerically-ordered list of the water bodies in the Southwest Region of 
laska with documented use by anadromous fish. An associated Atlas to the Catalog of 
ater Important for Spawning shows cartographically the location, name and number of 

ach water body, the anadromous fish species documented using them, and the fish life 
history phases for which the water bodies were documented being used by salmon. 

ater bodies documented receive statutory protection under sections of AS 16.05.871, 
hich requires persons or governmental agencies to submit plans and specifications to 
DFG and receive written approval in the form of a Fish Habitat Permit prior to the 

proposed use, construction or activities that would take place in specified water bodies. 
he report is updated annually based on nominations received by ADFG. Previous 
opies of the catalog can be obtained from ADFG: 

http://www.sf.adfg .state.ak. us/SARR/ AWC/index.cfm/F A/main .overview. 

None 

his article is frequently cited with regard to fish avoidance of culverts installed as part 
f road construction. 
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None. 

tle repo:rt despribes wide ffucWa;tions .of Bristol B~ysockeye salmon ex.::vesser pr,ices 
in.ca 1915.and salmon harvests. ltlndic:atesJh~t tti:at the Bristol Bay salmon fishery 
ccoonted. f~r 13% of fbe, world·sal1119n supply ill. t98Q (incl.~ding wild. an,d farmed, 

0

alm,o~) and 2% ~ttne, worlct!almon supply ~Y 2001: .The fislle.ry's yah,re e1<ceeded 
200 mHUon in tw~lve o! sev~nt~en years ana\}lZed. Processing and mar1<eUng of 

Brist()I Bay salm,on Is als~ describ~~d, .. ltmay b~ viewed at the. following wetlslte: 
.iser.uaa.alaska.edutisertpeople!:knapp: 

he text covers needs and values for sustainable fisheries, current Pacific salmon stock 
tatus, existing management of Pacific salmon, habitat assessment, artificial (hatchery 

and net pen) production, modeling approaches to management, habitat protection and 
restoration, and recommendations for sustainable management. 
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he report indicatesthat.all househotcts in lgi~~ig,.lllamna., Kokfianok,Levelock, 
Newbaler;i, PeClro Bay, andPort AJs'1\(orth used fre~hV!(at~r fish, as dtd. 94:4% of 
Ol.lseholdsin Nondalton .. Rainb~w trout rnacfe•up tne fargestpottion of the total 
on,salmonfreshwater fish :rrarvest(30.9% )'. totlow~d byD~llY .. Va,rden (26:9%), horth~m 

pike (9:9%), lake trout (8.1 % ), Arctic grayling (7.1, t'o), Wt)Jtefish (8.3%), suckers (4.!%>., 
inbowsrnett {3.8%), burbot (0.4%),and .black fish (;<0.01%) .. Gear .u~ed and timing of

0 

arvest is evaluated, and nar:vests are compared topther ytrars. Traei~ional ecological 
knowl~dg~ .interviews describe pQpularflshing slt~s, for each species e}(pfc:>ited: Tbe 
tudy:documents the continued .importance·ofsubsist$nce harvests of rronsatmon. 
reshwater fish In the communities of t~e Kvichak River."."atershed.of the Brfstol Bay 
rea. AdditiGnal studies forprevious, yea~ may.be. obtaine"d from the ADFG website: 
ttp:!./www.adfg.state.ak.us/pubs/dapt_.puolications.php~ 

his study reviews the history and accuracy of water quality predictions for major Yes 
hardrock mines in the United States by comparing actual water quality to the predictions 
made in Environmental Impact Statements (EISs) and subsequently identifying common 
auses of water quality impact and prediction failures. In addition, an analysis was 
onducted to determine if there were inherent risk factors at mines that may predispose 

an operation to having water quality problems. Of mines analyzed, 76% had mining-
related water quality exceedances in surface or groundwater. Eighty-nine percent of 
mines with acid drainage predicted low acid drainage potential prior to development. 
Conclusions are provided about the effectiveness of the underlying scientific and 

ngineering principles used to make water quality predictions in EISs. Finally, 
recommendations are made for regulatory, scientific and engineering approaches that 

ould improve the reliability of water quality predictions at hardrock mine sites. The 
ocument may be downloaded at the following website: 

http://www.mineralpolicy.org/publications_welcome.cfm. For the mines in their study 
hat developed acid drainage, almost all either underestimated or ignored the potential 
or acid drainage in their EISs. In terms of predicted (post-mitigation) surface water 
uality impacts, 73% of the mines in their study having surface water quality impacts 

predicted low water quality impacts in their initial EISs, two predicted moderate impacts, 
and two had no information on post- mitigation impacts to surface water resources. 

None 
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he chapter discusses landscape, climate, fishing conditions, access, services, costs, 
as well as fishing highlights for the southwest region. It describes fishing location, 
access, facilities, highlights, and main species for the following southwest Alaska 

aterbodies: Lake lliamna, Kvichak River, Newhalen River, Talarik Creek, Copper 
River (in the eastern Lake lliamna drainage), Gibralter River, Lake Clark, Tazimina 
River, Naknek Lake and River, Brooks River, Alagnak River system, American Creek, 
Coville-Grosvenor Lakes, Lower Nushagak River, Upper Nushagak, Mulchatna River, 
Chilikradotna River, Koktuli River, Stuyahok River, Nuyakuk River, Wood-Tikchik Lakes, 

ikchik River, Kulukak River, Togiak River system, Becharof Lake system, Ugahsik 
Lakes system, Ugashik Bay streams, Chignik River, Meshik River, Alaska Peninsula 
teelhead streams, and Dutch Harbor/Unalaska. Maps are included. 

Prom ttie sumr'!"l~uy: the articte indicatasthata .biotic cof)1munity cannot clearly be 
iffe~enttated f(omits abiotic en'{ironment,i referring, to the sumtotal asan 'ecosystem.1 

rganisms within an ~Cosystern ar,e groupedinto a series Of discrete tro~~ic levels, 
ategorize€1 asproducers, primaryconsumers; ~econdary cqnsomers, etc .• each of 
hlch is successively depend~nt upon the pr~ceding level as a scmree of energy. 

Pro,ducers, however, ar~ directly dependent on ~olarradiati()n for ~nergy: The.more 
emote an organismfs from s9lar ra(Jiation; th~ less 'probability it wlltbe dependent 
olely.~pon theprece'.d,ing trophic lev:e1. ('.lU;antitattverelationshlps~etween trophic 

levetsare di~c,ussed. Ttre peroootage l~ss of energy due to respiration is progressively 
reater for l:lighert~vels in the too,d cycle. Consumers:at higher trophic I~vel8, are 

progr:essively morereffjcient .rn the use of .their food s~pply .• Productivity and efficiency 
in~re~se durtQg earlier phases ofsucoes:sionaJ development (in fake,s, pro:ductMty anci 
ffic,te,~cy incr~~se .from oligotrophy toeutophy}. And progr~ssive efficienoies. of 
onsumer levels appear to incre'ase throughout the aquatic phases of succession. 

None 
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None 

his memorandum documents juvenile sockeye rearing in Frying Pan Lake on the 
South Fork Koktuli as well as juvenile coho above the lake. Juvenile chum salmon are 
also documented in the drainage. 

Oesc~ibes habitat reqoirerl)ents for coho salmon including information regarding flow, 
elocify, substrate, dissolved o~gen,<temperature, ancLother requirements. 

he report concludes for the first time that Bristol Bay and Alaska have an extremely 
valuable resource in freshwater fish stocks. It indicates that there are suitable 
ommercial stocks of at least Arctic char (6,553 pounds harvested) and whitefish 

(17,328) in lliamna Lake Freshwater fish harvest in 1964 yielded $5,645. 

he: report describes recteation,at fishingharvestfrom f97~tt:irough.1$97 for,~outnwest 
taska incl!;idingJne Kvi~tfak and. Nushagak Rivers, the former of whic~ is Clescrfbed as 
h~ ~rt~~slargest prqducerofsockeyes:almon;and the l~tter is,des~ribed as the 
reatestproducer of Chino<>,k1 chum, coho/and pink salmon in Brfstol Bay: ~mel~ 
ominate th~ recreatronal harvest, likely as a result oft~eir abundance, while socl{eye, 
hlnook, and c~>tio S'al.mon are the m(:>st frequently harvested s~ecies. Dolly 
ardenlch~r? rainbow trout, and ~retie g.rayling are ti;lk:en to a lesser extent. And.Jake 

rout, chµm, · salmoa, Northern pik'.e, wh,itefish, and burb~t are harvested atrelativ?IY low 
!e\f61s .. ·The .value of the. r,egion's.recr6,ational fishery was estimated at $50 milfiqn for 
19~$. T,he.report also dlscusseso~going and <?ompleteresearchand management 
tudies for tile regio~: ·Mana€fement, angler effort, recre~tional Mrve,st,and outlooks 
re dO"CIJrnEmteo fotffrainages in sou~west.Alasl<a for Chi~ook, cotro., sockeye, rainfibW 

rot,Jt. and other speµies. Sini11ar are:a rpanagement repoi:ts for soutf:iwest Alaska for 
pFevi°,us years .camt>e fouqd at!f1e ~DFG Sport f7ish website: 
ttp:ttwww.adfg .. 5'tate,a&,ijs/put:rs/dePLPublicat101"J$c,pf'lp, 
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Similar reports for previous years' analyses can be found on the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 

None 
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his article does not relate directly to Bristol Bay, but highlights the decline of salmon 
populations throughout the Pacific Northwest of the United States. 

None 
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None 

Results are provided for specific conductance,.pH, watertemperature, dissolved Yes 
xygen, atkalintty anQhar(iness{ not,rients, major ions a171.d dissol:v~d soUds, total and 
tssPlved trac~ eternents,<and low Jeve:I. mercury. Sampl~s we:e coltected from surface 
nd groundwater Jn t~e immediate vi~inity of the dept~sit, as well as t~e ar~a proposed 
t the time tar the roaa corridor antt .port facility .. Grm.mdwater:. is ctre1racterizeo around 
he deposit ~Y low dissolved solids, near neutral pH, .average temperature. of4nc., and. 
igh dissol'i(ed ~xygen with few e~ceptions. Surtac,e waterqualityarou;nd the deposit 
enE;frally root water qljafity standards ,for aqua!ic-life criteria with th~ e)(ception Qf 

lumin,urn and alkalinity .. 'ffle ()nly notede~cee'd.ance to·water .quality s~affdards in 
round"!ater a1011g the road c~rtidor Vif:SS the pH· value from the ·Newhajen municipal w,eH 
h!ch VifaS over.the criterr~ pf pH a.5 during both .sampling eve.nts .. Tor'b.idity values also 
:xcee:ded state waterquaUty samples, tttough results wer~ 11ot C()n~iderad reliable. 
tuminum~tandards we,re.excee<;ted in most sit~s sampfed,ar~the authors state site 
pecifi~ah.1minumcrtteria would bemore ~ppropr!ate for the area. AU(alinity standa!'ds 
~re exce:e:ded .in nearly half of the strearris sampled along the road corridor, and 

metals were ele:v:ated at two sites. 

he study documents winter fish presence at 39 sample sites in the three tributaries that 
ould be directly impacted by development, all of which contained sections of flowing 
ater during winter months. Salmonids were documented in all three drainages. 

Spawning surveys were conducted in spring for Arctic grayling and rainbow trout, and in 
ummer and fall for salmon. Fish populations were estimated for Frying Pan Lake using 

mark-recapture techniques, fish tissue and index monitoring (water quality and quantity, 
ish, periphyton, macroinvertebrates, and sediment) were conducted at 16 stream and 
wo lake sites. Flow-habitat study sites were established, aquatic habitat was surveyed 
and mapped, fish abundance sampling was conducted as was qualitative abundance 
ampling. Along the road corridor, 120 streams were surveyed for fish, and tissue was 
ollected, though results are not presented. Macroinvertebrate sampling in the entire 
tudy area yielded 139 taxa, higher than what has been encountered in other mine 
evelopment baseline monitoring efforts in Alaska; periphyton samples were collected 

and processed, yielding 38 genera, and basic water quality (dissolved oxygen, 
emperature, pH, conductivity, and alkalinity) were monitored. 

Describes. ptaces. important tozarea ·residents and·user~, as.wen as crritical tlabitai to ·key 
plant and anirnal .. resaurces Identified throu~h local ecotogical kno!Jledge, .The 
info\meition was combined with state and fe'deraLagency data to cteate maps .. Probable 
fireats to the watershed are identifie~ as comroorcialdevelof?ment, cornmunity 
ey:~lof>rnernt, .recre~tronal ·subdiyislof)s, minin&;i,· mag~, and· global climate change. T,he 
Ian o~tliries the foHowjng four strategic·actions to addr~s~ th()se threats: adequ~te flow 

.. eservations in the Nusnagak River; vegetation maintena~ce to supportfish, w~ldlife~ . · 
tid other spe~ies Jn, the fld:odplain; mainte!'lance O{ ~~ter quality standards .for salmon 
nd•other fish; and>to prevent habitat damage that could result from mining. 
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his study researched the basic workings of stream ecosystems and factors controlling 
individual, population, and community productivity in a reach of the Silver Spring River 
in Florida which is heavily influenced by groundwater. Odum characterized the 'biomass 
pyramid,' measuring ecosystem metabolism by calculating primary productivity, 
ommunity productivity, and community respiration. He documented a strong positive 
orrelation between visible light and gross primary production, and concluded that 

Florida's springs have complex and highly adapted ecologies that have maximized the 
productive use of available energy inputs, particularly sunlight, nutrients, and current 
velocity. 

Pages A.:e4 ;. A·109 describe tmpact of non .. harvest .fl~man actfvites to salmon fisheries 
including mini~g, road buHdrrrg, dam D,ultding, water, withdrawal, sediJ:nentation! etc. The 
epoffistEites that mining. iR waters, ri~ar,tan. areas1 or floaa plains ~f stre:ams containing 
t influencing safmon spawning and r~aring habitats should be avoided. 

None 

~e. artfcle argues that the n~tqra,1 flow regime of water plays.a critioaf rd!e 'iO, sustaining 
atfve biOdiversi~ at'ldeCQSYstem integrityin rivers. ,It qiscusses the effects Of river 
xploltatlon, river man~gement, and d~velopment polfcies. ;me authors urrd~rl!ne the 

importance of streamftow variabUi~ in ecosystems and ecoliJgical responS.es to 
ltered 
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rhe article discusses the importance of tributary and groundwater temperatures and 
interconnection in maintaining water temperatures critical to salmonid growth. 
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None 
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his book is a preeminent text on Pacific salmon ecology. It reviews literature from 
hroughout the Pacific Rim, with several articles focusing on research conducted in 
laska's Bristol Bay. 

None 
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he article provides evidence for local adaptation of Lake Clark sockeye salmon to 
lacially turbid spawning streams, such that intensity of visual signals are reduced while 
eapon size (e.g., snout length and body size) is increased. It concludes that the 

presence of a glacial ecotype of sockeye salmon suggests that the excellent colonizing 
ability of the species may be due in part to an ability to adapt quickly to highly unstable, 

eologically young habitats. 

Figure/6 indicatesttrat.Brisfol Baf(Central7'~in the figure) .supports. th.e wor.ld1s 
trongestsockeye sa.fmon run. ··· 
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None 

Nane 

EPA-7609-0000586-0729 



None 
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Bri~dl Bay Is des.c:ritled as. largely:pnstjne with only f11inimathabitatde.grattatioq, 
naffected by ag~iculture, loggrrrg or dam buHdinQ, no,hatcheries and. sustai~able 
1~heries ... The f!~per noncfu:des: ~etapopulation. dynamits are .• by definition, processes 
ccurrtng on relatively largescafes, pften much larger that thete,rritmy c~vered, by the 

'µrisdicffon of:a specifip man,ag~ment agency. 1'.h(s is parlicu!arly true for ianadrqmous 
ish spec,ies oecause,the ~eries of biotopes they neetl. for their different life sfag~s are 
preadoverlar:ge are(3s of tand and 0cean. 

he study concludes that the rainbow trout population may be rebounding from 
epressed levels, and indicates the population is relatively protected due to catch-and­

release regulations for sport fishers and the limitation of subsistence fishers to rod-and­
reel fishing only. It suggests avenues for further study. 
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None 

his report presents the results of a detailed assessment contracted by the Alaska 
Department of Fish and Game to measure the economic contribution that sportfishing 
made to the state of Alaska and its regional economies in 2007. The most angler 
pending in the state occurred in the Southcentral region including Bristol Bay, at 72%. 

In 2007, 475,534 resident and nonresident licensed anglers fished 2.5 million days in 
laska and spent nearly $1.4 billion on licenses and stamps, trip-related expenditures, 

pre-purchased packages, and equipment and real estate used for fishing. The $1.4 
billion of angler spending in Alaska resulted in economic activity that supported 15,879 
·obs in Alaska, provided $545 million of income, and resulted in $123 million in 
tate/local tax revenues. Nonresident angler spending in Alaska in 2007 (economic 

impact) was $653 million, and this supported 9,437 jobs and $67 million in state/local 
ax revenues. Total expenditures on guided sportfishing activities in 2007 totaled $416 

million, which resulted in $641 million in total economic activity and supported 7,183 
·obs. Resident anglers spent an average of $150 per day of sportfishing activity on trip­
related expenses in 2007, while nonresident anglers spent an average of $448 per day 
in Alaska on trip-related expenses in 2007. 

~e: article indicates ttial sockeye sal.mo~ have the attffity to a.erect relatively small 
f:ianges in olfactory ((Ues at a. very ~ne scale, and a strong tendency to. return to familiar 
ites, probal:>Iy usirrg such cues lixperimenta!Jy <'!isplaced salmon returned to their natal 
lte despite much. higher likSHhood of:predation by beats_ 
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he article underscores the importance of genetically distinct sub-populations to the 
maintenance of the overall strength of Bristol Bay sockeye salmon. 

his report sumrnar:liies information regardrng the subsistence i:,ise Of sockeye salmon 
nd other freshwater.fish gathered for a project fu~ded bytt:f.e US Fish and \Midlife 
ervicer Fisheries 11'.lf<;>rmation.~eryic,es. This, projecf to docume,nt t~aditiqnal.ecologicat 

knowledge (TEK) was undertal<en by the Nom:l~It9n Tribal Council in.partnership vvith 
LakeSlarl< Nati9nal Park and Preserv~.The information ls. ~~sed on fnteNiews pf 
ighteen Ncmdalt~n r~sidents, regarding their CU(fan~ and p~st. use Of ~O?keye salmon 
nq other freshwater.fish for sub~i$teRce: · 11 incfudesdataregarding fishing P(actices,. 
ecgraphic location~ and Oena'ina plaqe names .of traditional fishing areas; cttanges in 
ell;ltive abu,ndance of sockeye sal~nand other treshwaterfish use~ for subsistence, 
nd observ~tions ofctlange in. the. e~virc:mment. 'Fhe r~port does not .an~tyze or 

interpret res.ponses,·b(Jt presents· information in the words of resic:t.entsinterviewed: 
Results are pr~s~ntect forso~keye safmon,raintiow trout, Dolly: V~rden, whitefish, Arctic 
rayling, nor'tliempike, eulochon. (aandtefish},. suckers,. and lake trout. 

None 
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None 

None 
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he publication.outlines tl:te historyof lake Clark N'a~ional Park.and Preserve, as welt as 
urroundirrg areas, from the prehistoric period through the 198Qs; 

he Alaska stock of Pacific walrus is profiled in this document. Its range (including 
Bristol Bay) is described and illustrated in Figure 1. The world population was last 
stimated in 2006 at 129,000 animals, the lowest population size estimated for the 
pecies. Conflicts between walrus management and commercial fisheries are 
escribed, as well as subsistence harvests in the US and Russia. The USFWS 

received a petition in 2008 to list the Pacific walrus under the US Endangered Species 
ct. That petition remains under consideration. Particular concerns to Pacific walrus 

are described as: oil and gas exploration, climate change, and subsistence harvest. 

N~n~digitat National Wetland lnven,tc>;fY map .fortfie area surrounding the Pebble 
Deposit· T~e. map was cretilted utili;zring 1~78-1986, .. 1 ~ao,ooo-scale, color-infrared 
imag~ry collected as part ofthe Alaska Htgh Altitude Photograph! Acquisition Program 
{AHAP). J."1e aata remains tQ be. digitized, and due date fQr avaUability of digital data is 
n,~nown. lj\fetlandsprofessic:mals lndiaatethe map displays extraordinarUy e){ten!?ive 
etla.nds. lrr.the areR Codes to interpret the fl"lap may be. obtain~d from: 
ttp:ltwv;w,fws:gevtwettarn:tsl_.doctimentslgN$DllW8:tlandsDeepwaterHabitatsClassi·ncat 

ion.Pd.t 

he water-data report contains discharge, summary, water quality (width, stage, air, and 
ater temperature) data for the water year (October 2008-2009) for Upper Talarik Creek 

near lliamna. Similar reports for previous years may be obtained through the USGS 
ebsite: http://waterdata.usgs.gov/nwis. 

he ~a,tet.:.da,ta report contains discharge, sllmroary, wMer quafify (l!flidth,·st,age, air, arid 
ater tem,perature) data .for the water year (October 2008:.:2009) .for ttre North Fork 

Kok'l:uH River near llJamn~. Similar reports forprevious years may be obtained through 
he l.JSGSwebsite: http://waterdata.usgs:govlnwis. 
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he water-data report contains discharge, summary, water quality (width, stage, air, and 
ater temperature) data for the water year (October 2008-2009) for the Koktuli River 

near lliamna. Similar reports for previous years may be obtained through the USGS 
ebsite: http://waterdata.usgs.gov/nwis. 

tie article is)he first to define tne River Continuum Concept. 
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None 

Nooe 
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None 

ne ofthe first examif1ations of early fife bistory of Sristol ea,y herri!1gwhich are the 
largest hening off westep North Arnertoa and genettcalf)! distinct frqmherring !n 'the 

ulf of Ataska''and off British Golumbia, Average growth ratewa~ near ~he upper end of. 
fie rang:e reported from British Columblf3 and w,asttlngton, but.greater than that 
bserve~ .. in slmtlar experiments in CaJ!fomi~.· High gr,owth rates IQ Bristol Bay are 
ttributed to summer S:urface waterternperatur:e Jrr the nearshore zone where herring 
ongregate. 

Similar reports for other years may be found at the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 
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None 

Olscusses.the evolving,perspectfve on.the.iotercot1rie~t~dness.betwe:~n salmP:~ and 
the,r .~na€Jromous fish spcecles to other,Jisfl! wtlales; sea lions,. a~d nulllerous terrestrial 

predators .and sqaveng~rs,. suggesting Uiatthe view that predators reduce fish 
vailabitity for humans. is both one~sided. and; ovetly Hmtted. 
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Highlights potential risks to fisheries from road and dam construction 

None 
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None 

None 
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None 

Norre 

None Yes 
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he document describes fecal coliform, other water quality parameters (standard field Yes 
parameters in addition to nutrients, alkalinity, hardness, and metals), and petroleum 
heen sampling and results in the lower Nushagak River. The objective was assess 
hether or not guide camps and/or villages affect bacterial counts, document present-
ay water quality conditions, and assess motor boat quantity/usage and petroleum 
heen presence on the lower Nushagak. Fecal coliform levels exceeded drinking water 
uality samples at three sites. Additional water quality parameters met almost all 
rinking water quality standards and chronic aquatic life criteria with rare exceptions for 
issolved oxygen at one site (super-saturation), pH (below 6.0), and dissolved iron at 

our sites (in exceedance of national secondary drinking water standards). No 
motorboat effects were observed. Overall water quality was found to be excellent 

uring the two sampling events conducted on the lower Nushagak River, and continued 
ampling was recommended. 

he docum~ntdescribes fecal coUtontt a!'ld other water quality parameters. (standard Y:es 
1eldparameters .in at:tditiofl to n,utrien , i:;tlkatinity, h.ardness, anti .metals) sa!Tlpliog aitd 
esults in the IQwer.Nl!shagak River .... objective ~as to build ~n samp\in~ started the 

previous year: and to assess sampling locati'?ns forsuitabiHty for fUture bio~sse~~ment 
tudies .•.. Fecal colif()rm levels consistently met drink:fng water ~uaUtysfaodards io2<J07: 
·adltional water ~u~Hty pa~meters met almost au drinkinQ. water quality sta~dards and 
hrcmic aquatic .Hfe criteria with ·tlne ex~eption tor disst>lved iron a,t one site (In 
xceedance of naffonal secondary drinking watecstandarGts). "Fwo sites wer19 0',faluatei::t 
or bioassess~.nt suitabirrtyand ctiat9msampli11gwas determined to t>e the.Best option 
or fUiure sampUng. OveraH. wat~r quality w~s found to. be excell~nt during the two 
ampling events conducted oh tile lower Nushagak River, and eontinued sampling was 
ecommendad. 
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DFG_2009a.pdf 

DFG _2009c. pdf 

DFG_2010a.pdf 

EPA-7609-0000586-0799 



OfG_2010b (folttet 
ontafning 41 p~fs 

including40 habitat 
maps) 

OFG _201 Oc. pdf 
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Baldigo_Lawrence_2 
000.pdf 

EPA-7609-0000586-0801 



Barry_et_al_2000.pdf 

Bash_eLa1_2001.pdf 
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Beltman_et_al_ 1999. Invertebrates, Metals, Accumulation, Community effects 
pdf 

Bissoo..;.BHby _,_ 1983,p 
f . 

Blair_et_al_ 1993.pdf 
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Boltiet_et_a1_2oos: 

Bond_Becker_ 1963.p 
f 

Brabets.._Oumo_200$; 
pG!"f 
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Buell_ 1991.pdf 

Burgner ..... et,_;;al_ 1969. 
pqf 
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Cardinale_et_al_2006 
.pdf 

ederbolm_ et.:_al_ 199 
.pdf 

Coggins_ 1992.pdf retie grayling, Thymallus aretieus, Bristol Bay, age, length, weight 
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ollins _Dye .::.200S,pdf. rlstoJ Bay, AIB;ska Penihs14la; Kmti~k. Bri~tol Say are'a; 
Naf<:nek/Kvichak district, Alagnak River, salmon, trout, adult, hantest 
· onitQring, angler effort.inde)( 

Crouse_et_al_ 1981.p 
f 

urnmins_ 197 4:pdf 

Dallinger_et_al_1987. Fish, Food, Heavy metal, Food chain effect 
pdf 
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[;)arin.._et_aJ~Z009.pdf Pacific salroon, oncorhync#us spp., ·~ock~y-e sal.mon, Oncorflyn({hu,s 
, harvest, ~ate~, allocation, corfimercia,:t fishel'}',, .~tock, 

mpositiof}, genetics, popu!aitons, Bristol Bay, KvichakRiver, 
lagnak R!ier, Naknek Rhr,er, ~egik River., l::Jgashik River; Wood 

River, lgushikRlver, Nustyagak River, Togiak River 

DCRA_201 Oa.pdf 

DCRA_201 Oc. pdf 
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DCRA_201 Oe.pdf 

DGRA._2010f.pdf 

DCRA_2010g.pdf 

DCRA_201 Oi.pdf 
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pCRA_:2o1 OJ.p~f 

DCRA_201 Ok. pdf 

DCRA_201 Om. pdf 

DCRA..-2010n,pdf 

DCRA_201 Oo.pdf 
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DCRA_2010q.pdf 

Dernory_e,t_;al_ 1964.p 
f 

Denton_et_al_2009.p 
f 
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Ouffield_et_:.a.1_2007'..ty 
f 

Dye_Schwanke_2009 Bristol Bay Sport Fish Management Area, Alaska Board of Fisheries, 
.pdf management plan, Alagnak River, Nushagak River, Mulchatna River, 

Chinook Salmon, Oncorhynchus tshawytscha, king salmon, Kvichak 
River, sockeye salmon, Oncorhynchus nerka, rainbow trout, 
Oncorhynchus mykiss 

Eatoo_Scheller""' 19ga. 
pdf 
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Ecology_and_Environ 
ment_lnc_201 O.pdf 

E:ggers _..Roger:S _ 198.7 
.~i'.:lf 
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Fair_2003.pdf 

Patt.::.:.1990:pdf 
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Fall_et_al_2006a.pdf 

EPA-7609-0000586-0815 



Fall_et_al_2009.pdf Pacific salmon, sheefish, Stenodus /eucichthys, whitefish, Prosopium 
pp., Coregonus spp., rainbow/steelhead trout, Oncorhynchus 
ykiss, Arctic char/Dolly Varden, Sa/velinus a/pinus, Sa/velinus 
alma, northern pike, Esox /ucius, Chinook salmon, Oncorhynchus 

tshawytscha, sockeye salmon, Oncorhynchus nerka, pink salmon, 
Oncorhynchus gorbuscha, chum salmon, Onchorhynchus keta, 
Norton Sound, Port Clarence, Kotzebue, Yukon, Kuskokwim, Bristol 
Bay, Chignik, Alaska Peninsula, Aleutian Islands, Kodiak, Cook Inlet, 
Prince William Sound, Southeast Alaska, Yakutat 

Falt,et_al_.2010.pdf Vichak D1strfct, Kvichl;lkRiver, Non~alton, lliamna:, Newhalen, Port 
lsworth, Sixmilebake, JHamna Lake, (',-Jewhal~n f(fver,. Bristol Bay, 
~uthwest AJask'a'. Pacific salf'.llon, sockeyesa,lmon, 017corffy~ch~s 
erka, sl1bsistence fishing, sutisistence s~tmon pr0c,~ssing.methods, 
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194 

None 

None 

he Bristol Bay critical habitat areas (CHAs) are co-managed by the Alaska Department 
f Fish and Game (ADFG) in accordance with Alaska Statute 16.20.520-530, and the 
laska Department of Natural Resources (DNR) per AS 38.05. The purpose of the 

Bristol Bay Critical Habitat Areas Management Plan is to provide consistent, long-range 
uidance in managing the five CHAs. ADFG has undertaken this comprehensive 

planning process in order to establish guidelines, policies, and regulations for 
management of fish and wildlife, habitat, and current and future activities that affect them 
n the CHAs. This draft plan presents management goals for the CHAs and their 

resources, and identifies polices to be used in determining whether proposed activities 
are compatible with the protection of fish and wildlife, their habitats, and public use of the 
CHAs. The goals and policies of this plan are adopted as regulation. The plan does not 
address hunting or fishing regulations, which are the purview of the Alaska Boards of 
Fish and Game. 
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92 

his plan guides state laf1CI ma~aQeJ}1ent by the Department 0! Natural R.esourc.es in ttie 
Nustiagak and ~ulclratna dr~i,nages ~ntf gtJide,s co:astal c~nsisteney review. mis pl~n: 
1 ~ identifies goafs, managem:nt intent, andpublfe use sites .. for 25 management uti:its in 
h.e planning area; 2) .specifies r,nanag~menJ polic1es forlong.--term uses (uses that take 
lace at one site on state .land for J~ng~r t~ar1 14 cons.ecutive days1, incfud!rrg pe,rmanent· 
nd temporary facHities, trapping cabirrs, boat storage, airstrip de~elop~nt, €1°,cksf and 
ther rnses., and specifieswh~re these us~s may be attowed and where .they ~re 
rohibited; 3) includesguidel!nes .that provide speci.fic managemenh::Jirectlonfqtthe 25 

agement units and p1::1blic ~se, sfte$ii and 4 )includes·tmpleme(l~ticm informatiOf1 ~mi 
mmer:dations for fut~re management of.the planning. area. this plants consistent 

e .goals and .. guidelines of the Brrstol. 8~ Area Plan and. the Bristol say Coastal 
ariagement Plan. 

laska's immense size and northerly position make it a critical region for breeding and 
migrating shorebirds. In fact, Alaska provides breeding habitat for more shorebird 
pecies than any other state in the US. Seventy-three species of shorebirds have 
ccurred in Alaska; 37 of them, including several unique Beringian species and Old 
orld subspecies, regularly breed in the region. Most of these species migrate south of 

he US-Mexico border and one-third migrate to South America or Oceania. 
Concentrations of shorebirds at several coastal staging and migratory stopover sites 

xceed one million birds; on the Copper River Delta alone, five to eight million shorebirds 
top to forage and rest each spring. Shorebirds worldwide have suffered dramatic 

population declines in the last decade. Using the species prioritization process 
eveloped for the US National Shorebird Plan, we incorporated new population 
stimates, updated threats, and identified 20 taxa of shorebirds of high conservation 
oncern in Alaska. All species of concern tend to have small global population sizes or 

limited breeding distributions. Seasonal occurrence of priority species was examined 
ithin the geographic context of Alaska's five Bird Conservation Regions (BCRs). Most 

priority species, particularly breeding species, occur in the Western Alaska and Arctic 
Coastal Plain BCRs. Southern regions of the Northwest Interior Forest and the Northern 
Pacific Rainforest BCRs are primarily used by shorebirds during migration and winter. 

he Aleutian/Bering Sea Islands BCR is also an important wintering area for shorebirds. 
round the world, loss of wetland habitat represents the greatest threat to shorebird 

populations. Nonbreeding and migratory stopover areas outside of Alaska that are 
important to the state's shorebirds are being altered by humans at an immense scale, 
primarily through drainage and reclamation of coastal wetlands. Critical shorebird 
habitats are further threatened worldwide by changes predicted to occur through 
ancillary effects of global climate change, particularly rising of sea level and drying of 
ontinental wetlands. Shorebird habitats in Alaska are still relatively intact, but interior 
etlands important for breeding are already showing evidence of drying, and coastal 

areas are being altered by increasingly intense storms. Shorebird habitats in Alaska 
ace other, more local threats, particularly from energy and mining development in the 
Cook Inlet, Northern Pacific Rainforest, and Arctic Coastal Plain regions. The Alaska 
Shorebird Conservation Plan is one of eleven regional plans associated with the US 
Shorebird Conservation Plan. This document is the second iteration for Alaska, and 
ontains updated conservation objectives and priorities based on the latest information. 

Important changes in this version include updated species conservation scores, revised 
population estimates, updated descriptions of conservation threats in Alaska, and a new 
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J3rfstol Bay a,nd its lsla~ds, ·tti:e emt:Yayments, lagoons7 and other estuari.es afoi:rg the 
ortt1 Si~e ofthe Alask~ Peninsula, and. tfle nestil}g cliffs on the .north sho~e, are 
easonafly importan,t.to vast numbers ofse~birds, waterfowl, .and shorebirds. thafbreed? 
ummer, \l\(int~r. or stopover: there during migra!iOQ.This productive southeast corner of 
e Bering Sea is also t,ised by se~ ~fters and sever~! species of pinnipeds and 

ceans, anc:l is the, s;ie of the worlds. largest salmon fishery., Petroleum development 
planned for this area arrd, judgi~g fi:om the. f)ast history of numerous oil spills Jn.nearby 

ook .Inlet, cou.lrj have deleteri~ys effects on this ric,ti fauna .. TJ1i~ p~ssibmt¥ prompted . . .. 
investigations of the m,igratQry birds, incl1,Jding t,h~ pel~gic SJ?,ecies, that .cauld provide the 

ar.r'ound infor~ation.qn distributiOQ a~d numbers necessary to protect bir,ds from the 
ib.le hazards qfpetroleum development aJ1dshipping. Apart of that ipform~tion is 

rovided by the ot:s?rvations on disfribution and rel~tive numbers ~fpelagie birds.made 
in a section t1f Bristol Bay during J~IV and August 19'69, and re,ported on in thispaper. 
Data onpelag.ie birds from the Ber~ng Sea region Js Hm,ited, andev~n le~s is published 

ut 6irds w!tliift Bristol. Bay:. Jaques (1930) (:lf'O\lided annotatio~sori the bi~ds tie 
erve,d in and .between Unatas,ka and Porf"Molle,r durinQ the· early summer of: 1928. 

ov (1961) s~rve~ed populations of birds :summering in th.e shallow portion, of the 
astern Bering sea b,µt west ofBristol Bay. King and McKnight ( 19~9). made aerial 

]si11ve~rs ()t,the pelagic birds within 12 mites of.ttre Brist<;>f Bay qoastline in (;)otober.Amold 
9-48) reported on the distribution of birds iQ the.North Pacific from Kodil;lk lslandJo 

Uoalask:a I arrd. inthe Sering ~ea from Unalaska Island to ;L\ttu lslafid•betNeen 'f$ 
tiineand...... . ber1944:.Kuroda {1955) reported on the birGls seen at sea.inthe 
iclnity oftheKvrill~lanc;ts and pear tM western en¢ oftheAleuU~n Islands. ~huntov 
1966) l;\nd l!'Ving et al. {191'0) reported on .. the wintering birds of t~e .Bering Sea. 
Unan~lyzed data on birds observed in the Beri are pubHshed with the 
eeanographic and fish~ries r~cords of.the RY ,/ . ... (\llaru (Hokkaido University 1~57: 

, G>sgood (1S104),. Murte,(1959/, and.Gabrielson and Lincoln (19S9) summarized the 
rmation on tsirds ofth~tands bordering Bristol B~y. QaU .(187:Y} atrd Caho (4947) 

escribedthe birds on'arrd about Unalaska Island, thewestemmostpoint included within 
ur area of st1..1dy, Exdef>.t (or Turner·~ (1886) brief a~countof tM birds qf O~pe, 

.N~wenham and recent tmpublished <:tata, the imm,ense bird colonies .af the w~stern 
alf of the. north .shore. of Br.istot Bay, ·inclutiing Cape Newei1ham.<:1nd ··. . y. fsl~nds; ana 
he Walrus,fslands {not tone co~fllse~ witfl the 'tYalrus llilard~of the.Pribilof$) ttave. been 
eglected .by ornithologists and are.not yet fiescribea. Gabrielson and Lincoln ( ta59} 
efer~nce'd only Tur_ner•s cursory account of C~pe .New.enh.am and were aware ofsmaH 

reconnaissance sidescan sonar survey in Bristol Bay, Alaska revealed extensive areas 
f seafloor with features related to walrus foraging. They are similar to those seen in 

areas such as the outer Bering Sea and Chukchi Sea. Two types of feature were 
bserved: (a) small («1 m diameter) shallow pits, often in clusters ranging in density 

ram 5 pits per hectare to 35 pits per hectare; and, (b) more abundant, narrow, sinuous 
urrows, typically 5 to 10 m long with some reaching 20 m or more. Most foraging marks 
ere in less than 60 m water depth in areas of sandy seafloor that were smooth, 

hummocky or characterized by degraded bedforms; the absence of foraging marks in 
ther areas may be related, in part, to their more dynamic nature. The distribution of 

oraging marks was consistent in a general way with walrus locations from satellite 
elemetry studies. 
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12 In Oecemt:>er 1.991, Cominco ··Afast<a EKploration (the form~r lease holder oHhe site now 
eld by the Pebt;rle L!mited Partnershif:1) .c:ontrac:ted the Ala~ka Oepartmen,t ~f fish Game 
ADFG), Qivjsion of Wildlife Conservation, to investigate wildlife use anti .harvest in tf'Ye 
reposed Pebble Copper Mir:e Area, rtortnwest otmamna Lake, Al~sk,a: "Fhis p'aperis a 
ompilation ofinformatio11 fr~rn= 1) recent moose and bsar surveys conducted per the 

reernEmt tietween lhe ADFG and C'arninco Ex:p1oration; 2)bsar, ma:q~e? and fu~bearers 
st data from 198,5,186 • 1990:/91; 3)historic aerial survey observations elocumenting 

ear use of~alrrt(;)nstrE!aITis; aRd, .. 4) hr~tori~ trend area counts for mads,. Harvestdata 
the proposed mineare,:awa~ take~fromthe yniform Coding Uplts (IJCU) Which 

nclude the drainages: .of ltaskanak Creek (09b-02'03),. "'falarik Greek,s (09b-0302), the 
hUlitrra Ri~[ and Nikabuna L<:lkes(09b-070t), artd the tower l\Aulc:natna R,.iv,er from jhe 
onfluence. with the t<Oktuli Riv~~ to th~ ponfluence of the Nushagak River {'t:Zb'-0201,> 
Figure 1.)~ Thlsreport summarii(as the results of ~e invS"~tigation. ltd?es nQt speculate 
n the p°'ssible Impacts on be~r. moose, and furt>,earei:s qf the proposed mine or 
ssociated facilities,.nor does ttofferany mitigation opUons forthe proposed 
evelqpments. 

43(26): 9a9.:992 ver the pastdecad~, accelerating rates ofsf]ecie,s extinctron have prompted af'l 
increasing n,urhber of studies to reduoe s~ecies.tliv,ersity e;xperime~taHy and 6,x:amine 
oil! this alters. the efficien~y bywhich cqmmuriities capture resources and convert those 

into pio.rn~ss. so tar,. the generality of patterns and .. processes observed .in individual 
les ha~ebeen the ~ubjects of considerat?J~ debat~L Here, we present a forma,1 meta­
ysis of studies that.ftave expenmentalfy manipulatsd specie,s di",'.ersit~ to e'.?{amine 

ow it~:rtects the. functioning· of numerous trophic'groups Jrrmultipte tyf!)es of ecos¥stem •. 
e. show ttrat the average effect of de~re~sing. species richness is to decrease the 

bundance ~r biomass of the fOC:al trophic group, leading to. less complete: depl~tio~ of 
esourees us,ed t>y tt)at Q(oup. At the same time, aoaly5,es .reveal tha~ tile standing; stock 
f: and resource <:teptetion by,.themost species·dch pofrculture tendS:to be no different 
mm that of the $ingle rnOStprodu~tive speqies used in an experiment; Of~h.e kn.own 
mechanism~ that might explai~ these trend~; results are mosf.consistelifwith what I.IS 

d the 'sampHr:rg effect'; wfiiph Qccurs when diverse communities are more Hkely to 
taif1 and become dominated by the mos(productivespecies, Wh.ettter this 

mechanism ls widespread. irr naturalcommi.l(lities'is currently controversial.. Patterns w:e 
eport are remark~bty consistelitJorfourdifferenttrophic groups .(produe~rs, herbivores, 
etrltivores andpreaators} and tyqo .. major .eQosystem types (aqua.ti~ and.terrestrial): 

actively, our analys~s s.U9Q.~St tnat the average species los~ does indeed aff~ct the 
ctioqing of a.wide vaneWt)farganisms and ecosystems, but the magnitude of these 

ffects is ultimatety. t:letermined by the identity of species thaf are goirrg extinct: 
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4(10):6-15 Pacific salmon and other anadromous salmonids represent a major vector for 
ransporting marine nutrients across ecosystem boundaries (i.e., from marine to 
reshwater and terrestrial ecosystems). Salmon carcasses provide nutrients and energy 
o biota within aquatic and terrestrial ecosystems through various pathways. In this paper 
e review and synthesize the growing number of studies documenting this process in 
ifferent localities. We also discuss the implications for maintaining the nutrient feedback 
ystem. Our findings show that future management will need to view spawning salmon 

and their carcasses as important habitat components for sustaining the production of fish 
as well as other salmon-dependent species within watersheds. 

his report details th~ inventory of rnammafs. in b.ake Clark. Nattonal P~rk.ana·P(eserve 
LACL} Between 7 and 31 J~IY, 2003 as p~rt:of a cooperative .effort Qiftf1e Beringian 
oevolutie1n Project·at tl:le Mus~um of Southwestern. Biolog~, Uni~ersity of New Mexico 
rid the Inventory aJ¥d MqQitoring. Prcigram gf the National Park Servi~e ofAlas.ka. We. 
Etg.in.the process ofdOcYf11enttng tne approximately.36 species of m~mmals that occ(!r 

in thef>ark,~ith a prima.~Jocus on ~man mammals (L~~, shrews, voles, lemmings, 
.easels,.porc~pine;·0~quirrels, ~nd rraresl This survey tes~lted in 856 pdmary 
pect111~ns comprisin,g 17 sp~cie$. Across atl l:GJcalities S"arnpted, two shrews (Sorex 

cinereus, ~ .. montieolus) ~nd a. morid rodent (Cl~thrtonamys rutilus)>were th,e most 
requentfy:cap~red species; comprising bver85%ot,allmam~ls sampleq. r~e 
iscovery of singing vole fMicrotus miuru&) at Turq~oise Lake co~stitutes a new m~rnma~ 
or thErpark and ·~major range ~xten,sionfor the species. Tflls inventory als? prs:vided 
he first ctocumenteEI records in LACL ~f px~rnY shrew (Sorex hovi), montane ~rew 

•.· SGrex manticolus), tundra shre)V ( Sorex tundrensis}. little .. brown bat(Myotls lugit~giis), 
nd ermine. flfJl.ustela ermiaea ). Two tiny shrews (Sorex yukonicus1 ooHected at Tum~r 

Bayare onlylhe"secomi r~cord o!this rare species, intne p~rk and constitutes the latest 
itions to tne 37 specimens no,w known to science. The findings rrom this study, when 

f11blned with specimen informatipn gattJered from a review. of holdings ~t the Unive.rsity 
~laska Mu~eurn .and .other major c:oUections, bring the t~tal nurnberofdocumen~ed 

.mall !Jia111mal species in LACI.: to 18 of22 protJable species; or82% coyerage,. The 
ifi<; products of tbi~ inventory incfude a, targe collection of wen~ptepared, well 

anted~ and ciiverse.preparafions of mamma!specirnens and associated matertals 
rasites .•. fecal. samples, digest1ye .tracts} fortax,onomic, zo<Jgeagraphic, 

.ogi~I, ·genetic, .parasitalcrgical, .epidemiological, and other research an.cl 
mf;inagern~ntpurposes: 
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16(1 ): 28-45 Between 1991 and 1993, Alaska harbor porpoise (Phocoena phocoena) abundance was 
investigated during aerial surveys throughout much of the coastal and offshore waters 
rom Bristol Bay in the eastern Bering Sea to Dixon Entrance in Southeast Alaska. Line­
ransect methodology was used, and only those observations made during optimal 
onditions were analyzed. Survey data indicated densities of 4.48 groups/100 km2

, or 
approximately 3,531 harbor porpoises (95% C.I. 2,206-5,651) in Bristol Bay and 0.54 

roups/100 km2
, or 136 harbor porpoises (95% C.I. 11-1,645) for Cook Inlet. Efforts off 

Kodiak Island resulted in densities of 1.85 groups/100 km2
, or an abundance estimate of 

7 40 (95% C. I. 259-2, 115). Surveys off the south side of the Alaska Peninsula found 
ensities of 2.03 groups/100 km2 and an abundance estimate of 551 (95% C.I. 423-719). 

Surveys of offshore waters from Prince William Sound to Dixon Entrance yielded 
ensities of 4.02 groups/100 km2 and an abundance estimate of 3,982 (95% C.I. 2,567-
, 177). Combining all years and areas yielded an uncorrected density estimate of 3.82 

porpoises per 100 km2
, resulting in an abundance estimate of 8,940 porpoises (CV= 

13.8%) with a 95% confidence interval of 6,746-11,848. Using correction factors from 
ther studies to adjust for animals missed by observers, the total number of Alaska 

harbor porpoises is probably three times this number. 

Moiting afitult Stellar's.Erders (Palys,tlcta ste:flati'j were Mnded atlzerhbeklag<Yon(19~t:-
1998) and .. Nelson L.ago~n (1995•1997} along the .tower.Alaska Peninsula to .determine 
reeding distribution and movem,en,ts. 9f52,985,Stenars Eidersbarrded, 347were 
ec!Jvered. Tile. overall low recovery rate may .Rot be in.d.icative .of ha"','est l~velsbut may 
e due to tow reporting rates ofbands. Almost all recoveries during summerwere from 
ussia and recovery rates did. not vary bet\'Ve~n sexes. \\'\fefound ~o evidence that 
tellar's Eiders .. m,oftil'fg .in specific lo.ca,tions were mor,e likely to be.recovered i~ .. specific 
eographic locations ii) .Russta, . c,Jur recove,ries ~ugge~t .thlUStellar's Ei~ers mo[ting 
l.ong th~ Alaska eeninsufawere from Russian. breeding sites and from remnant 
rEYeding populations in Alaska. 

he 29th consecutive spring aerial emperor goose survey was conducted from 1-3 May. 
he survey area is coastline and estuarine habitats from Jacksmith Bay to Wide Bay, 

including the north and south sides of the Alaska Peninsula. A total of 91,948 emperor 
eese were observed, up 41.6% from 2008 and up 43.2% from the long-term average 

(64, 190, 1981-2008). This is the second largest count since the survey began bringing 
he recent 3-year average management index to 78,144 birds (up 7.2% from the 
previous 3-yr average of 72,864 ). Other species of emphasis included Pacific brant and 
Ste lier's eider with observed populations of 82, 709 and 25,841, respectively. An 
amphibious Cessna 206 (N234JB) was used, flown at 45m (150 feet) ASL and 200km/hr 
(11 O kts). 

None 
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3 None 

None 

None 

3 None 

EPA-7609-0000586-1169 



3 None 

None 

None 
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Information abqut tpe ted. salmon runs and the ~paw~ing streams. ami .~eactles in tn.e. 
yichal$ RJver $ys,tern, Bristol Bay, Ala~ka, ls cataloged in tf'lis voluf!le .. Th~ material is 
ornpDed from <;fats obtaihed from ~eawning groundsur,veys .made. in .the area .since 

1955 by ttt,eFisheries Resaarcf} Institute of the University of Washingtofl. Eart.ier work 
as frn~nc~d •by fhe salmon c~nners Qf Bristol Bay. lnxec~nt years .the 141ork: was 
upport?d .by-the BµrErau• of Commercial flshe,ries'.. F,or each spawning ·stre~m a( Q6acn, 
e catala~.gives? wheneveravaifable,·the·streamc.atalog number, name, locatio~,.an,d 

sical .desqription, including. dimensions, bottom ·qaE1Uty 1 flow barriers, water5~ed size 
rld type, vegetation, gradient, water velocity, estimated flow, air andw~ter temperature, 
m:I generalinformation inctudJng ;shelter, surv~y route~ and ... methods,. perso~~l-use 
1sher,ies, and wildlife species. ,,Titan adescnption of rnd salmon runs to the area is 

···usted,.inclutHng magnitud~ .. e>f th~ ('(Jn ans timing arlddist~buti?nof spawning. Estimates 
·· .f number$ pf ~d salmon to e~ch s,tream or beach are .listed ct1rooof0gically unger a 

eparate.entry entitled .. "Summary of Surveys," 

his paper provides an estimate of the economic value of wild salmon ecosystems in the 
major watershed of Bristol Bay, Alaska. The analysis utilizes both regional economic and 
ocial benefit-cost accounting frameworks. Key sectors analyzed include subsistence, 
ommercial fishing, sport fishing, hunting, and nonconsumptive wildlife viewing and 
ourism. The mixed cash-subsistence economy of Bristol Bay supports a population of 
7,611 (2000 census) that is 67 percent Alaska Native. Estimated expenditures and net 
conomic values for all sectors were based on a literature review and available data, 
ith the exception that original data was collected for 2005 on the sport fish sector using 

a random sample of licensed Alaska anglers. Methods included use of a regional input­
utput model maintained at the University of Alaska, and survey research and contingent 

valuation methods for the sport fishermen. Potential respondents included 886 resident 
anglers and 1,514 nonresident anglers contacted through a mail/internet approach. 

dditionally, 300 licensed anglers, 330 clients of Bristol Bay fishing lodges, and 46 lodge 
wners were contacted through a mail survey. Response rates ranged from 25.6 percent 
or resident anglers to 44.1 percent for nonresidents. Estimated direct expenditures/sales 
ere $234.4 million in 2005 for commercial fishing and processing, $61 million for sport 

ishing, $17 .1 million for wildlife viewing, $7 .2 million for subsistence-related 
xpenditures, and $12.4 million for sport hunting. Nearly 100 percent of the private basic 
ector in Bristol Bay and 5,540 full-time equivalent jobs are supported by this $324 

million estimated direct economic impact associated with wild salmon ecosystem 
ervices. Direct net economic values are estimated at $104 million to $179 million per 
ear, and are primarily associated with the subsistence sector. 
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113(4): 889'°90.1 

54(4): 281-288 

7(2}z 68-92 

.. e studied the. mrgration and winte~ tfi$tributi?n Of adult Graater ~itef(onted Geese 
(Anser alibfrorts fr?ntalis)radio7-rnarl<ad on ttre, Yukon K,uskokwim Delta {VKO):sn,tt 

ristol Bay J;:.owlands tSBL.) ofAtas!{a fr().m.1987 to 1992. The major autumR staging site 
or geese.from bQth t:m~sciing•ar~as wasthe ~lamathBasin on.the.CaUfomia/Gr~gon 

0 

order. How,ev~r, teinporal. us~ of this areaditfered f11a~edly between populations. 
eese frof11 ttie.SBL ~rtivedat the .Klaf11ath, Ba~i", nearly 30 .pays bef~re geese from the 

and def)~rted before most YKO geese. h~d arr,iv~d. Ninety P,ercent of SBL.gees,e 
the Klamatt}·Basin in·autumn, whereas 30% ofYKD.geese t>ypassed tneKlaf11atfl 
duf'iri'g .a~tumn and instead fl~w directly to the Central Valley of C~lifom}a; Nearly 

H 13E!L, geese migrated. dire'1tly from the 1-(famath Bas.in to wintering a,reas in MeXico, 
ypassingthe 9entral V:alfey. N,in~ty P,erqent of the BBL geese vvintered in l\llexi~o, as 
?,posed to <20% oftheYKO geese. Wettands of the lnte~i~r )"iightanas in the state of 
rnhuahua, pcarticularly LS.guna 6abicora, were. used bY ,>90% of the ratlio:marked 
ees~.in f\ll~xico. Marshes alorrg the West Cr;rast comp.risea the. other. important wintering 
abftat in Mexico. The ~acramento V:aUey of C:~lifomia was the predominant wi.ntering 

· · rEfa for YKO geese. BBL geese migrated north fJ"Qm Mexico, intoJhe S~m JoaquinValley 
r Sacra~nto-San Joaquin Delta ofCalifor11ia by the fast week ofJiinuary. Fifty-fiVe 

ent of the BB~ popufation7used tfte Kfama,th Basif:I in spring, but many birds stagea 
eastern O(egon and weste[r,l Idaho. In contrast, geesefro!" the VKO.stirged almost 

xclusively In. the Kt~math Basin during spring b~fof~ flyiqg to stagi11g areas ln .Alaska. 
reeding alfoP(lfry ~rid t~mporal parUtioni staging,an,d wintering areas likely has 
~ntributeq to the evolution of previously d: . Ad phenotypic differences between 
h~S:e populations. These two populations, a.tong 'Nith.the Tl.LI~ Gre~terWhite-fronted 
oose (p.. ai .. gambeli), may constitute a portion of a Ras~en~reis, a gr<;up of subSpecfes 
~nnected byClines, ~.ach eCGtypeofwhich has independent conservation needs.: 

Between June 1975 and June 1977, five aerial surveys were conducted along the 
astern Aleutian Islands and throughout Bristol Bay to study the distribution and 

abundance of the harbor seal (Phoca vitulina richardsi) during the breeding season. The 
number of group sightings and the total number of seals observed varied significantly 

ith the tide height (P<0.01 ). Fifty-seven percent more seals were observed on a low 
ide than in the same area surveyed near high tide. Three locations-Port Moller, Port 

Heiden, and Cinder River along the north side of the Alaska Peninsula accounted for 78 
percent of the study area population count, and for approximately 8.5 percent of the 
ntire Alaska population estimate. A minimum abundance for the study area is estimated 

at 29,000 animals . 

. Ince: 1960, the: Division of Subsi~tence: of the Alaska Department of Fis,h and Game ha$ 
nduct:ed research on con~empora~ ~unting, fishing, and g~thering in Alaska NatiVE:I 

other rur~I Alas.ka communities, This paper dei>cribes the d.htision's reseaf'ch 
m and ~ome the results. otthe ctivision's studies. First~. th~re is an o:\lerviaw o{ tne ~ 

and federal legislation which provides a preference for sut>sisten~e uses"in ~. 
ource maQagement ;and affocation~decisions ....• Next, the division's r~searah methods 
dJ~cussea., followed by a suni~ry of sqme o(tl:te recent findings abouttl:fe role Gf 

ubsist~nee, us,es in tbe mi~ed su~~istence-based economies ?f Alaskan vilfages. A 
escription of.a "baseline" studyin the~Central Yop'ik Eskimo village of Manokotak 

iflustrateSc the kinds of information Whl{!h the division has c~llec,tedJor aboUt151 
unities. !he paper also illustrates how these datp. h~ve been .aPi:>lied in resource 
genient .decision5:. In. conclwsiori, the paper speculates abovt the fub:Jre of the 

rogramin tightofco4rtdec,isfonswhich may eliminate the tegal protecfionswhioh have 
erta:lned ~to .. subs.is:tence.oses.in.Al.aska .. since.1978.: ·· 
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05 his report presents updated information about subsistence uses of fish, wildlife, and 
plant resources in 5 communities of southcentral Alaska -- lliamna, Newhalen, 
Nondalton, Pedro Bay, and Port Alsworth. The Division of Subsistence of the Alaska 
Department of Fish and Game conducted the study in collaboration with the National 
Park Service and Stephen R. Braund & Associates. The Pebble Project is a proposed 

pen pit mine located 18 miles to the northwest of lliamna and 18 miles southwest of 
Nondalton. The potential development of the mine requires updated baseline information 
about subsistence harvests and uses. Information was collected through systematic 
household surveys and mapping interviews. Scoping meetings were held in each 
ommunity to elicit ideas about research questions and to learn more about issues. After 

preliminary study findings were available, a second round of community meetings took 
place to review the results. In total, 116 households were interviewed, 79% of the year­
round resident households. The study documented the continuing importance of 
ubsistence hunting, fishing, and gathering to the study communities. In 2004, virtually 
very person in each community participated in subsistence activities and used wild 

resources. Subsistence harvests were large and diverse. Estimated wild resource 
harvests were 469 pounds usable weight per person in lliamna, 692 pounds per person 
in Newhalen, 358 pounds per person in Nondalton, 306 pounds per person in Pedro Bay, 
and 133 pounds per person in Port Alsworth. Most participants in this study reported 
heir subsistence uses and harvests have changed in their lifetimes and over the last 5 
ears, due to reduced resource populations, shifts in the locations of moose and caribou, 
ompetition with nonlocal sport hunters, and a warming climate. Residents voiced 
oncerns about the potential development of a mine and the construction of a road 
hrough and near their traditional subsistence harvest areas. 
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35 

.2{10): 917-928 

his final report presents the results of an ethnographic project that investigated how 
amilies in 4 communities of the Kvichak District of the Bristol Bay Management Area of 

Southwest Alaska develop subsistence fishing strategies, such as when to fish, where to 
ish, who to fish with, and how much to harvest, in response to changing sociocultural, 
conomic, and environmental circumstances. Research methods included participant 
bservation at fish camps, key respondent interviews, family case studies, and 
ystematic household surveys. This report describes case examples of summer 
ubsistence fishing for sockeye salmon Oncorhynchus nerka, examples of subsistence 
ishing in the fall for spawning sockeye salmon, and a review of the use of seine nets as 

a subsistence sockeye salmon fishing method at Nondalton. The report concludes that 
he subsistence fishery is vital to the way of life of the study communities, and is 

accomplished in an efficient and sustainable manner informed by traditional knowledge. 
nnual and long term variations in the fishery are shaped by a complex set of 
nvironmental, economic, cultural, and personal factors. Also, findings based on 

household surveys and permit returns suggest that relying solely on permit returns 
results in an underestimate of subsistence sockeye salmon harvests. Additional outreach 
is necessary to encourage households to obtain permits and keep accurate records of 
heir harvests. 

Beca~se of tile burge~ning interest In salmon, .growin@irtdic~tions of ttreir ecologi~I 
importance, aQd repe.n:t ealts. forrnanagement to consider the r~le pf .salmon . . uatic 
nd terrestrial ecosystems {e:g.,, Lar~tn a11d Slaney 1997.), we ta~e tnisopportu .· to 

wnat is understo()d abpu,t the fum::tion of ~alm~nas kayel~ments, of ecological 
terns, Our objectives are twofold: Fli:st, we expand on, previo.us r:evi~s of salmon 

Wjllshn etaL.1998, CederholmetaJ .• 1999) to include reci:mtr~search.thathas amplified 
nd modtfi~d ea~lier ideas. about the conttjbuti(ln pfsalmon !o eco,system pr~cesses. In 
()ing so, we d~~Qribe the comp~sition, r:nagnitude, and·distributi<mofmarine inputs to 
reshwate,r.and terre,strfa! systems via safmon, We use an ~xpanding Q,roµp·of studies 

ing to streaQl nutrient budget~ and S'~lmQn physio.logy to construct a s,ohematic 
tes s~fmoA-deoved prbdµctsandJhe pattwvays b~ whieh they enterand are 

etained iii aquatic apd terrestrial food Vlfebs, We ttierrconsiqer tM ecotagrcal variation 
ssociated with 5,almonid ecosystems ,and howthis may influence the ecologic~1 ··· .. 
s:ponseto the salmon input Secondl:we cqnsiEJer h°,wthiS varl~tiori fA ecosystem 

es.ponse rn:aY, ir1fluen,ce management and qonservation e1forts: We conclucte by 
uggestiog neW.research directions to helpfill the gaps in our current Lmi:ilerstam:lingdf 
almooid ecosystems. 
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91 (2): 436-443 here are three breeding populations of the Marbled Godwit Limosa fedoa (Linnaeus): 
he prairie-breeding birds of mid-continent North America, and widely separated tundra­

breeding populations at James Bay, Canada, and in the vicinity of Ugashik Bay, Alaska, 
n the north coast of the Alaska Peninsula. The Alaska population, which apparently 
inters locally on the Pacific coast from Washington to northern California, comprises 

birds with shorter tarsi, shorter wings, shorter culmens, and more massive bodies than 
hose of the mid-continent population. Believed to have persisted near Ugashik Bay 
ince that area formed part of Pleistocene Beringia, the Alaska birds are described as a 

new subspecies L f. beringiae. 

13f2): 68-:7.5 W~d~rstariding ~hanges 1ns~at\~I ~nd temp?ral i:rattems sf harvest is Vital .for proper 
management o~ wolverine. Galo fJ:l.i1o populations. I~ Af~ska, wofverines occupy nearly all 
reas ofthe state and are c,1assified as furbearers and big game,. with ~nnual harvests 
veraging 545 (SD == 80) Jnaiyrduafs since 1'984. Becamse wolverine r~pr,?ductive 

tenttaland su,rvivorship are f'el~ively low, it ts important to Ltnderstand spatial and 
"'"""' •uural harvest dynamics to ensure pop~I~tions are not overharves.fad .. we, ~nalyzS'd 
he effects of geographic region, time fJeriad and number Oct.harvesters on wqlverine 
arvest using Poisson, re.gression fl1t>ci~ling. Vj\Je also examined local harvest. patterns fOr 
portion of soutti~centraI '4:faska,where ~uman population levels ~nd conc~mtr.atfoms of 
o~wa)'s difter sut>stantra,uy. Patterns of walverlne ~arvestdurjng 1984~2003 indicated 
onsistently high~r harvest densities (wol¥elines11 ,Oao sq .-km) in the southern portion ()f 
task~. The Po.isson regression model (goodness of fit: Gl1i:-~qt1a~e = 13QQ, df ~ 1288, p 
0.60) estirn~ted.mean a!lnualtrarvest levels (~alverinesY1,000 ~q.-km) ttiatwer~ 

igher in.sal!th-central.(0,35) than In Arctic/West (0 .. 1'.f; P =O.Q09) and lnterior{0:.19; P = 
J:>01J, btJt no other regional comparis()ns \Yere significant. Geographic region* tint~ 
eriod and f!:Umber (}f haryesters w,ere a/I ~ignifi~anf covariates for tlesc~ibinp WOiverine 
~rvest (P < O.O<Jlfor ~ach). Wolverin~ harvest densities at .the local level indicated ttrat 
reas with higher harvest densities ware wen distribut6d, but~that areas with Jight or .no 
ep~rted harvest alsowere con;imor1.and widespread. Our.result!'>:alsf? indicated that 

Imity to human population c;enters or roadways did not necess~rily affect harvest 
at a focal.level. We reviewed .the importance of ~reas witti no or l.ightharvest as 

otenua1··refugia to matntain a sustainable harvest ofwot.verines. 
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50 Sport anglers reeling in salmon, halibut, and other fish generated--both directly and 
indirectly--an estimated three percent of jobs and payroll in Alaska in 1993. This is one of 
he findings of a study of the economics of sport fishing that ISER did for the Alaska 
Department of Fish and Game. Sport fishing is enormously popular with residents and 
visitors. The Department of Fish and Game estimates that nearly half a million anglers 
ished in Alaska in 1997, with numbers of visiting anglers slightly edging Alaskan anglers. 

Seven out of ten Alaska households have at least one sport angler. Nearly half of 
laska's households rate hunting and fishing opportunities as important reasons why 

hey live where they do. The department contracted with ISER to do this study because 
he economics of sport fishing in Alaska is an important consideration for resource 
managers allocating fish stocks, evaluating fishery projects, and making decisions about 
land and water management. The analysis is based largely on information we collected 
in surveys of sport anglers and guide and charter businesses in 1993 and 1994. It's not 
ntirely clear how sport fishing has changed since 1993. The Department of Fish and 

Game reports that the number of resident licenses stayed roughly the same, while the 
number issued to nonresidents grew about 25 percent. But at the same time, the 
epartment also reports that measures offishing pressure-angler-days fished and 

numbers of fishing trips--have not changed substantially since 1993. There is some 
vidence that the growing number of visiting anglers may be mostly casual anglers, who 
ish once or twice while they're in Alaska. Numbers of sport charters operating in 

Southcentral and Southeast Alaska increased sharply in the 1990s, and many customers 
f those charters are tourists who buy single-day licenses. So the overall economic 
ontribution of sport fishing may not have changed substantially since our survey. In any 
ase, patterns of sport fishing--what people buy for sport fishing and how they travel to 
port fishing locations, for instance--don't change quickly. We believe the broad picture 
f the economics of sport fishing in Alaska that we present here is valid. Below we first 
escribe how we assessed the economics of sport fishing, then profile resident and 

visiting sport anglers, and conclude with our estimates of the economic value of sport 
ishing and its contribution to the economy. 
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o he treshwater:~treams. oUhe. Bristol ea,y. ~rainag~s sufji;>ort important .subsistef\ce and 
ommercial salmon fisheries anc;t intemaiio,nally-famous sp~rt fis~eries for both resident 
pec:ies and salmon. NorthemOynasfy Mines, In°,, (~OM) fl~sprQ:pos,st.1 to>mine a 

solfide d~posit at the nea,d~aters pfsome of these streams: Th~ proje,ct, 
rred to as Pebbly Mine, will nave a preliminary lifespa~ of 40 to50 years, or even 

longer. Applications filed by NOM in 2006 indJcate th~t the propose*1! pr~jectwfU 1eave 
er,manentlandscape features affecting some thirty square miles, in~lliding two tailings 
onds thatv.tilf·house bJJlions oUons of mine tafliogs wflich will include toxic m~terials, 
h~ project will also inc!ude.a 104-mile access roa,d, with a t?turry Une and a wateritne 
h~t will directly affect at le~st 12:5 sqtJ(3re miles and a po~er trattsmission line. The 
006 applications help identity potential impacts .. onthe fish habitatand.fisheries. 

.. ategories of these potential impacts af Pebble Mine on fish habitat and fishery 
esoufceis inc.lutle: direct,. indirect, an~ eumulathte effects. E>irect im~acts will result from 
he approximately 30 square mile footprint of tf1.emine .. processing plant, and tailings 
ond.Si more than 60 1i11,eal miles o,f mainstem strearns·-plus .the adjacent tributaries and 
etlaods7that will b~ totaU~ ~rp~ttiaUy dewatered; the 12.Ssct~are mil.es or 8;~00 afres 
disturtrancefrorn theaccessroa~; port facflities; and, power prodtictian aod power 

15u:,::1ply lines. SUtatlon caused by r<?~d-bulldjng activities will smother fish fQod ()~ganisms 
. nd :jncuP:atln~ eggs and alevins. Direct effE~ets a:ssoci~ted with tile road also include 
ragm,entatio.n~f a<1uafic, riparil!lR, aM terrestrial.habitats. Indirect impacts will.incfude 
increased pressure on, ~nd competition for, fish and w11d1Jfe resou,rces, because of !he 
increased.access to the area and incr~ase'd pap~latiort. Cumulative impaotswillinctude 
long-term, multi;ye:ar losses of fish p~ottuction add s:ream productivity. Over time, : 
ri~g~s.a,nd Cljlvefts irttheaccess, r,oad can d.eteriorate and interfere ~ith ju~nHe Or .···. 
dult fish migration b~tween important ~abitats, Oust artd .silt from the (()ad during the l.ife 
f the eroject or. leaKa:g~ from the ~lurry line may smotherfish. food organisms and 

incubatii:tg fisfi eggs ani:i could wa7n Gtownstream to affect spawning and rearing hab(tat 
1n lfiamna bake. In.addition, the \\(eigfit ~fffle roadbedart~ traffic can.be e>teected to 
ornpact the soUanp alter the movement of ~roundwater which could ~isrupt beach 

wning by: sockeye s,atmon in lliamna lake. Although the access r~d .and other 
[OtirdS wH.l be C()rtstructed for the prope:sad ~ebbJe< l\Aine, they wilt also provide 
to tne area by otf)er residenttaf; commercial;/and recreational users. The human 

.a:tion aqo activities can n,e SX!J&oted to intrease,arrd 0off r,crad, alt terrain vehicle use 
expand info ar~as not previously accessible. The impacfwm extertd

7 
mu~h beyond 

he footprint of the road .. Jtself. Any real .or perceived impact from the propqsed Pebble 
• » • ' ' ,,, ~, • •, • ,,, ' '', '• ~, 

34(3): 303-309 his study assessed the summer diet and consumption patterns of harbor seals (Phoca 
vitulina) resident in lliamna Lake, Alaska. The authors predicted that adult sockeye 
almon (Oncorhynchus nerka), a seasonally abundant and nutrient-rich prey source, 
ould dominate diets when available and that seals would preferentially consume the 

most energetically profitable portion of salmon carcasses. Diet was examined by 
identifying hard parts of prey found in harbor seal scats, and consumption patterns were 
measured by collecting carcasses of harbor seal-killed sockeye salmon along island 
pawning grounds. Salmon ids were present in 98% of scats that contained identifiable 

prey, followed by petromyzontids, osmerids, cottids, coregonids, and gasterosterids. The 
arcass surveys provided evidence of selective consumption patterns of sockeye salmon 

body parts. Harbor seals consumed the bodies of nearly all (96.6%) male salmon 
ollected, leaving little but the head. In contrast, the belly and eggs were consumed in 
3.6% of the female samples, and the entire body was eaten in only 31.3% of females. 
he harbor seals in lliamna Lake thus took advantage of the seasonally abundant adult 
ockeye salmon by consuming them selectively and as a high proportion of their diet, but 
hey also consumed smaller resident fishes, which presumably sustain them during the 
rest of the year. 
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e ct!;laritifi.ed.the amount, :spatial c;fistri~t.Jtion, ~nd importance·of salmon (OnC()f'hytJ.chus 
p.):-derived nitr~gen (NI) by br~n bears (tJrsus afctos) on~the t:(enai .Peninsµla, Alaska. 
e tested ai:n;t:confrrmed fhe fiyp~thesis that the stable iso,tope srgnatare (o15N) ofN in 

of/age of whit~ spr,uce (~icea glauc~} was inversely proportional !o the distance trom 
atmoncspawninQ streams (r7.,(l99 aod P~o:os in two separatewatersheas). L()cations 
f radJo.,collaredbrown bears, relattv,e to their distance frptil a str~arn, were highly 
orrefated with 015~ depleti~rt e>f feli~ge across the same gf8dient (r=~Oc98 and ~0.96 
.nd.P<0.05 in the same two separatewate.rsh~ds) ... Mean rates of re'diStribution of 
almon~d~rivedN by adult female bf~Wn bears were 37.2 t 2.9 .kg/Year ~er bear( range 

·· 3.1~5Et3}. ofwhich96%{35.7 ± 2;7.kg/yearper bear) w~s ex<?retedJ~ urtne, .. 3°fti 
1.1;tO;1 kgtyear per b~~r:)was .excreted irHe,ce~, and <1 % {0:3 ±. 0.1 kg/year ~er ~ar) 
as retaine,d io tile body. ~h an area basis; salmqn-N redrst1:ibution ra~s w~reas .. 111gh 
s 5.1 :t:. o .. 7 mg/sq.:-m per year per bear: wttl1io ~oo m of the. ~Jream but dropped. aff . · 

at1ywlth increasingdistance. We estimated ttrat 15.!i-1'.7.8%.of the total Nin spruce 
ag~ within 5'00 m:of the stream was derM~d from salmon. Of that, bea~ .had 

ibuted 83-84%. Thu~, bf0WF1 bears can. be an .impo.rtaof veot9r Of salmon..:derjved N 
into ri~arian ecosystems, but their effects.are b¥ghly variatite. spatiaUyand a function of 
·· earderrsrty. 

large barren-ground caribou (Rangifer tarandus granti) population (the Bering 
Seacoast Herd) historically ranged across southwest Alaska. The size of this herd 
peaked in the early 1860s but declined by the late 1880s. Caribou numbers remained 
low in southwest Alaska for the next 100 years. Biologists have argued that periodic 

ispersal has been an important factor in caribou population dynamics. However, others 
onclude there was no credible evidence that significant interchange between herds has 
var occurred in Alaska. Since 1981, we monitored 318 radiocollared caribou and 
ocumented dramatic population growth, erratic movements, shifts from traditional 

ranges, and changes in migratory behavior. We also documented shifts in calving 
istribution that may contrast with conventional concepts of calving tradition and herd 

identity. Some biologists have concluded caribou herds can be considered closed 
populations for management purposes because the number of dispersing caribou is so 
mall that it has no influence on population dynamics. We propose that the current 
efinition of a herd may be appropriate for short-term management; however, over long 
ime frames and large spatial scales, metapopulations may better describe caribou 
cology and be more useful in long-term caribou conservation. 
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184 he goal of this proj~ct was to estimate harvests of caribou (pnmatily the Mtilchatna and · 
Nllsflagak Penins~ta herds);rrbose,~laok btJar~ brown pear; am1 DaJlshe~p (colleoti~ely 
id~ntified as"large tand mammals")n thisrepoJ'f)byresfdef1ts pf the c<>,mmunitles oftfle 

ettem ~ristol Bay Area inGam,e Management U1:1it~.{GMU)'9Band 1.7tflgure1).The 
esear?h vqasmodeled 0affer t,he Northern Alaska Penln.suJa Large Land Mammal ProJect 
ondu~ted joi.f1tly. by the Division of Subsistence of the Alaska Department.of fish. and 

e (AOJZG~ and the Natural R~souroe D~paf1men,tof the Bristol Bay Native 
· ssociation (BBNA)(Krieg etal. 19~6~ Krieg et at 199'8}. This project\J\las also 
omJucted by AOFGand BBNA. It ir1as .funded through a coof)'.erativ~ agreem~ntwithtl)e 

US Fish and Wildlife Service:(FWS Agreement Number 701811 J3~57; ADF&G Numt;)er 
OOP 01-07:3). Using local research as~istants' nired by l?EiNA, trouse.hold intervieW:s 
ere conductedto colleatharv~st and useJnformationfor larQeJand mammals .. Hunters 
!so m51pped are~s used !o hunt and harv&st these spe~ies: Study comrryu~iti~s were 
leknagik,Clarks ... P?int, D!llingham,Ekvvok, lgiug1g,·.fHarnna, K~khanpk, KoU!!anffk; 
evelock; Manoko~k, Newhalen, New Stu1anok, Nondalton .. Pedro Bay., Portag.e 9reek, 

PortAlsVl{orth, To~tak, ~nd: Twin Hills (Figure 1). Key responden,t interviews vyere ~lso 
onducte4.Jn Unit 98 to d~cument their tra'ditional ecological .knowledge (TEK) relating to0 
arvestm~tnod~, ·ahd trem:::ts in poth ~e ~n\(ironrnent and rarg~ land mammal . ·· 
o~utations. :fhese intervi~s1:ook place in the corrymunities of jgiugig, mamna, 

0 

Kokhanok, Newhalen, Nondalton, Pedro Bay, and Port Alsw:orth. 

113(1 ): 81-101 Many explanations for diversity patterns have been proposed, and there have been 
everal recent reviews of the subject (Pianka 1966, 197 4; Ricklefs 1973; Pielou 1975). 

High diversity has been attributed both to intense competition which forces niche 
restriction (Dobzhansky 1950; MacArthur and Wilson 1967) and negatively correlated 

ith productivity (Yount 1956; Margalef 1969). The question is far from settled. This 
paper develops an approach to the problem of species diversity based on the 
nonequilibrium interactions of competing populations. Under nonequilibrium conditions, 

ifferences in diversity are strongly influenced by variations in the rates of competitive 
isplacement between communities, and such factors as relative competititve abilities, 

niche partitioning, etc., may not be particularly important. This approach deals primarily 
ith the maintenance of diversity, as opposed to the generation of diversity. While most 
f the current diversity hypotheses have some relation to the evolutionary origin of 
iversity, this will not be emphasized here. 
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17(3): 617-631 Pacific walruses (Odobenzs rosmarzs divergens) make trips from ice or land haul-out 
ites to forage for benthic prey. We describe dive and trip characteristics from time-depth· 

recorder data collected over a one-month period during summer from four male Pacific 
alruses in Bristol Bay, Alaska. Dives were classified into four types. Shallow (4 m), 
hort (2.7 min), square-shaped dives accounted for 11 % of trip time, and many were 

probably associated with traveling. Shallow (2 m) and very short (0.5 min) dives 
omposed only 1% of trip time. Deep (41 m), long (7.2 min), square-shaped dives 

accounted for 46% of trip time and were undoubtedly associated with benthic foraging. 
-shaped dives ranged widely in depth, were of moderate duration (4.7 min), and 
omposed 3% of trip time. These dives may have been associated with navigation or 
xploration of the seafloor for potential prey habitat. Surface intervals between dives 
ere similar among dive types, and generally lasted 1-2 min. Total foraging time was 
trongly correlated with trip duration and there was no apparent diel pattern of diving in 

any dive type among animals. We found no correlation between dive duration and 
postdive surface interval within dive types, suggesting that diving occurred within aerobic 

ive limits. Trip duration varied considerably within and among walruses (0.3-9.4 d), and 
here was evidence that some of the very short trips were unrelated to foraging. Overall, 
alruses were in the water for 76.6% of the time, of which 60.3% was spent diving . 

.. 8(2): 192..,2:02 atellife radio-l(Jcation cata trorh 57atlult fQale Pacific Wf:druses~Odobenusro~mat'U$ 
i":efgen$} were used to estimate Ji~uf-'Ol.ft fidelity, br~adty describe. seasonal forag.ihg 
istributions, and d~termine fhe approximate timing ~f autumn migration frQm Bristo! 
ay! Atas~a. Pata were colle?ted interf(litte1"1UY during 1~8~'."91 am::i 1995.:2006, primarily 

.. unng t~e period from May. to October. 'Frar:smitt~r longevityr~nged from less ttran 1 
ay to 560 d~ys (median 75 .d). The. four tagging~sites "Vere.the only haul-outs that ~re 

• monl)'.use~ in tile bay fror)l spri~g throul}h autumn.Mean fidelftyrdefinedas the 
hance that a? animal ~tu return to an area where itprev:iously hauled o~t, was 0.56(SE 

-<0.09). How~ver; smalf0 sa,mple sizes pr~clud~c;1 comparison,s of fidelity amqng years 
rrd am~ng haµl..:9u,ts bys~$;lson. Notagged animals migrat~dQutofthebay betwe~n 
PfiITg and ~~rly autumn. C~mbined f(lonthly 19cations suggest that foraging occurred 

prirm?trity in the .soutnerna,nd eastern are~s of the bay .in spring antl graciuaUy shifted 
owardsnorthwestem areas .. in late autumn anq winter. Nl!"lety"'.'eight percent of th~ in., 
at~rf~catto~s we,re inwat~rs. under 60 rn d~ep, wtHcn account for 76% of. th~ ~tudy 
rea. Some aoima,ts fQigr~ted Qut ofthebay inta,te autumn:~md winter; others ref11ain~(i 
ithin the b"ay throughout the year'. Those.makingJong":'range migrations departed ttie 

during November and Decernbe.r. 

o learn more about mid-Pacific migration, we radio-tagged 40 Pacific Golden-Plovers 
(P/uvialis fulva) in spring 1999 on their wintering territories in Hawaii. The birds departed 
in late April, and with aerial monitoring we relocated 10 of them in Alaska. Seven 
individuals were in or near the Nushagak River lowlands in southwestern Alaska. Nesting 
Pacific Golden-Plovers were discovered there in 1994 disjunct from the previously known 
breeding range. The remaining three radio-tagged birds were found north of Bethel on 
he Yukon-Kuskokwim Delta. Our results suggest that breeding is continuous from the 
Nushagak region west through the uplands north of Bristol Bay to the Yukon-Kuskokwim 
Delta. Thus plovers wintering in Hawaii apparently nest across a wide area of Alaska. 

e present a revised Alaska breeding distribution map for the species which differs 
ignificantly from AOU Checklist boundaries. The temporary attachment of transmitters 

(they are shed during summer molting) had no apparent effect on survival within our 
ample population. Birds that had carried transmitters returned to their winter territories 

in Hawaii at a rate nearly identical to banded plovers not radio-tagged. 
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nnual spring aerial surveys were initiated in 1992, and repeated in 1993, 1994, 1997, 
1998, 2000-2005 and 2007 to monitor the population status of and habitat use by 
Steller's eiders (Polysticta stelleri) staging for spring migration in southwestern Alaska. 
Since the timing of migration varies, two to three replicate shoreline surveys were 
onducted each survey year through 1997, to target the optimal timing when most eiders 
ere within the survey area prior to departure to arctic breeding grounds. Fiscal 
onstraints and inclement weather in subsequent years resulted in successful completion 
f only one survey per year, the timing of which was carefully scheduled using sea ice, 
eather and observational data from local contacts. We made visual estimates of 

Steller's eiders and all other identifiable water birds and marine mammals along 
horelines, estuaries and shoals where Steller's eiders and other seaducks were known 
o congregate during migration. In each year where multiple surveys were completed, 
he highest Steller's eider count was used as that year's population estimate for trend 

analysis. Annual Steller's eider raw counts are 137,904 (1992); 88,636 (1993); 107,589 
(1994 ); 90,269 (1997), 84,459 (1998), 68,956 (2000), 58,231 (2001 ), 54, 191 (2002), 
77,329 (2003), 82,455 (2004), 79,022 (2005) and 87,353 (2007). The long-term average 
rom 1992 to 2007 is 84,700. Correcting recent estimates using extrapolated data from 
ampled shoal habitats, the totals are 72,953 (2000), 60,656 (2001 ), 56,704 (2002), 

77,369 (2003), 82,772 (2004), 79,022 (2005), and 87,400 (2007). We suspect that the 
low population estimates obtained from 2000 through 2002 were due in part to a portion 
f the eiders migrating northward during the survey, thus escaping detection by the 
urvey crew. This hypothesis was supported by satellite telemetry data which indicated 

migration within the study area during the survey of 2002. We therefore initiated the 
003 through 2007 surveys in early April, encountering most eiders before they moved 

rom Alaska Peninsula lagoons to Kuskokwim Bay and other more northerly habitats. 
Unexpanded long-term survey data indicate a 2.8 percent average annual decline in 
Steller's eiders using this migration corridor (R-squared = 0.30), but the estimated 
population trend has been level since 2002. Maps illustrate the distribution of Steller's 

iders and other selected species within the survey area in 2007. A persistent pattern of 
habitat use by Steller's eiders and most other sea duck species among years indicates 
he importance of certain areas to staging and migrating waterfowl. Many of these areas 

are used heavily by molting and staging birds in the fall as well. 
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5 e, pu@ose c:>f this guide is to provide assistanc,a to vtsitors to the Southv\le~t Alaska 
twor~(SW~N} national parks .and Natipnal Park.$ervice staff in.identifying, 

.m;te,rstanding: and enjoying bfvalves fo~nd in i~tef'tidal se~iments in .the $WAN fiarks. 
·. e ~a'1e provided ~fief s,ectfonS;on the .ecotpgy of these clams, including C()mmeRts on 
heir habitats and feeding types, am.I a desc . . . . to the clams. The descriptive 
uide l~clmies 0drawlngs and. pfi,otographs tQ d.ep· . the appearance .~f the .clams both in 
he han<;l•and~ where possible, the appear~rice of di~tingu1shing indicators of their 

•. resen,ce in the field. Fc>r ~actfspecies: we haV;e included a,> brief description of th~ clam; 
its typical ha~itat, am;! its clistributi()n among the parks and in the No~h Pacific. Bivalves 
re a critical sGurce of nutrition for major Pf'edato.rs such as nears,sea otters, sea 
(:tlving) dttcks, snorebirds ~nd .o:ther invertebr~tes at some time during t~e year,. For 
xample, pears,~lm'ig the KATf\tl 'coast achi~vehigherrate~ of energy from rax~r anal 
ottsheU clam,s,tfian those foraging on vegetation (Sm,ith 2004): In. addition, to suppQrtihg 
he. bea~, sea otters, diving ducks,, and shorebirds fpr mHHons of y~a~, clam,~ have 
een a: major source of food for native Atas~ans since. their arrival in Alaska 15;00GJo 
O,OO:Oyears a.go. Tiley have .. been Jmpo~nt in the success of nativ;~ cultures in coasf~t 
mlir0nments .. Ct~ms exhibit long:evity and. lack ofm,obility,,~nd thqs are gt>,OQ indicators 
flpng*termconditio.ns (Sennett.200&;. ltcan be.ass,umedtnat.beaches supporting 
eason~ble numbers of long lived clams Bre stable .~nd "t'lealthy." This guide includes 
ascriptions of twenty-nine species in thirteen families ttrat were found .. in. surveys of 
each.es in three SWAN nati.onal parks duorrg the .summers of 2004. 0,'l}d 2005 (Lees and 

l)risk~ll 2004,:2006a, ~n:d i006b}. The .. Qarks ~~rveyedwere Katmai National Park and 
Preserve (~TM), Kenai Fjord National P~rk (KEFJ>.. anc;f ~~ke Clark Nation~! ~ark and 
Preserve (LACL}. Species comp()sifion of the clams varied considerably by part. 

pprpximately the same nur,nb~r oictam species was, observed in AATM an~ K8FJ, btit 
CL supportsJarfewerspecies .. onty Baltic ma,comas and.softsheUcI~r,nswere found 

·· in au parks .. In contr(;ist, .. half the sp~cies were found only in KATM (7) or Jn. KEPJ .C7), The 
requency with which the species occurred in the parks provides some indi:cation of the 

likelihood. that the cl€\rY'IS or their shells wm be en<tm.intere~ w~He examining park ·· 
any spe,eies were observ8,d only rare!Y in one or more J1arks. Baltic macomas 

fsh mus~elswere encouptered far more frequently than any ri>ther species.· The 
econd ti~r for frequency of occti,rrence includes littleneck, butter, and. sottsl:te!J clams, 
vatmacomas, and. Arctic hiateltas. 

hirty-eight aerial surveys of beluga or white whales (Delphinapterus /eucas) were 
onducted in Bristol Bay, Alaska, during six different years between 1993 and 2005. 

Belugas were sighted mainly close to shore in the upper parts of Nushagak and Kvichak 
bays as well as along the coast between these bays and in the lower parts of major 
rivers. Data from 28 complete counts made in good or excellent survey conditions were 
analysed for trend. Counts ranged from 264 to 1 ,067. The estimated rate of increase 

ver the 12-year period was 4.8%/year (95% Cl= 2.1%-7.5%). Such a rate of increase 
uggests that either the population was below the environmental carrying capacity in the 
arly 1990s or, alternatively, that factors that had been limiting population increase were 

alleviated after that time. A review of possible changes in human-caused mortality, 
predation and prey availability did not reveal a single likely cause of the increase. Among 
he factors that could have played it role are recovery from research kills in the 1960s, a 
modest decline in subsistence removals and a delayed response to increases in Pacific 
almon (Oncorhynchus spp.) abundance in the 1980s. The positive growth rate for this 

population shows that in recent years there has been no substantial negative impact of 
human or natural factors, acting either alone or in combination, and there is no need for 
hanges to the current management regime. 
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his Draft Environmental Baseline Progress Report provides a description of the work 
onducted for the Northern Dynasty Mines Inc. (NDM) 2004 baseline environmental 

program. This Pebble Project progress report presents the characterization of the 
xisting conditions related to environmental and social conditions of the project area and 
heir incorporation into the project design and operation. This draft report is presented for 

agency and stakeholder review and comment, to ensure the approach followed and 
results obtained provides a comprehensive and thorough baseline environmental 
haracterization of the Pebble Project. 

hissection.discu~ses the gmuriC!water samplirrg resultsfromihe 2004 fr,e1d secison ... Tfl~ 
ata are analyzed to, determi~e spattal• (lateral and vertical) variationsanct variations with 
ime, The data are also oomµared with surface water·qu~lity criterja to provide.~· ... 
e~chmark forwater.quallty. eased on iheresuffs offhlsanalysis~requirementsfor 
urther data are; noted. Gm~n,dwater sample5, were ~Uected in September and Oc,tober 
0047 The study .res,ul~wHI ti~ includetfin t,he environmental baseline documentand are 
xpe?ted to be used tor bot~ the design and. th~ permit a(ilplications for construction. 
peratlon, afilli closure of·the pr,opo,sed mine. The objective ofth,e following discussion is 
o report the. pr~gress of g~oundwater sampling and analysis an<.i the. 01.;Jrrent 
nderstanding ef groundwater chemistry. 

he purposes of these terrestrial wildlife and habitats studies were fourfold: to document 
he baseline (predevelopment) conditions; to assist in project design; to provide the basis 
or assessing effects of project development and mitigation; and to support permit 
applications. This progress report describes baseline studies of terrestrial wildlife and 
habitats in the mine study area and the associated road/port study area for the Pebble 
Project. Because the distinctive nature of species components (mammals, raptors, etc.), 

ifferent study areas were used, tailored to each group. These study areas are shown 
n the respective figures for each species group. In the following discussion, each 
pecies component (mammals, raptors, etc.) at each location (mine site or road/port 

area) is addressed in a separate section (e.g., 9.1 is mammals at the mine site, while 9.6 
is mammals at the road/port area). The exception is breeding birds, which were studied 
nly at the mine site and are therefore addressed in a single section (9.4 ). 

his .. section pr~sents the preliminary findings.of tne.2004 marine. wlldfife si!Jd~. This 
tudy examined ttie distribution .and abµndarn::e of mar!ne wildlife (marine:-oriented birds 
nd m~rine;.oriented mammals) during two samplfng .periods in. 2004: summer and late 
allf,winter. Tlte su.rvefs.focused onthreatened/~m;fang.ered sp~cies{e;g.,Stelter's Eiders 
Potxstlcta stellenJ), species b~ing .considered t9r listing upder the Endangeted Species 
ct (e:g., Kittlif2:!s Murrelet{8rac,'hrramJ?hus ,brevirostrJs]); depleted or rare spec.ies .Qf 

marirre mammals (e.g., betuga whales f!Jefphinapte~.us leuca:s]~ Steller s.ea ·Hons 
Elimetopia:s.jubatus]}, maririe..:oriented birds in general {including breerding species), amf' 

··marine· oriented mammal.s. 
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None 

Few subjects have generated as much emotional dialogue around conflicting scientific 
and policy agendas as the protection and management of Pacific salmon resources. In 
his major new work, esteemed fisheries expert Thomas Quinn distils from the vast 
cientific literature the essential information on the behaviour and ecology of Pacific 
almon, including steelhead and cutthroat trout. Unlike other books that examine only 
elected life stages, habitats, or species, this book - richly illustrated with beautiful 

photographs and original drawings - thoroughly covers the complete life cycle, 
mphasizing common themes and differences among the various species of salmon. 

Representing the range of species and geographic regions, Quinn includes examples 
rom classic studies by pioneers of salmon biology and from the most current research to 
illustrate the important features of salmon life history and behaviour and the complex 
physical, biological, and human factors that affect them. "The Behavior and Ecology of 
Pacific Salmon and Trout" introduces salmon and trout as a group, with a brief 
escription of each species, and compares them to other fishes. This book then follows 
almon on their amazing homeward migration from the open ocean, through the complex 
oastal waters, and upstream to the precise location where they were spawned years 
arlier. It explains the patterns of mate choice, the competition for nest sites, and the fate 
f the salmon after their death. It describes the lives of offspring during the months they 
pend incubating in gravel, growing in fresh water, and migrating out to sea to mature. 

Quinn emphasizes the importance of salmon to humans and to natural ecosystems and 
he need to integrate sound biology into conservation efforts. This thorough, up-to-date 
urvey should be on the shelf of anyone with a professional or personal interest in Pacific 
almon and trout. Written in a technically accurate but engaging style, it will appeal to a 
ide range of readers, including students, anglers, biologists, conservationists, 

legislators, and armchair naturalists. 
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Predation o~ PaciM salman by bears {genus Ursus L, 1758} can be an important 
c<,>srstem process becau$e the sp~tial distribution ofc~rc~sses largely de~~rmir:u~~ 
nether. marine-derived .. nutrients cycl~. through· aqttatf~ or terrestriaf p~th'!'lfays. rni:ect 
bservations on th,ree .. streams in soufheas~em j\laska indicated that 49% of fh~ pink 
Oncarhym::hus go,rbuscha (W~ll:laum, 17~2)) a,nd ~hum( Orrcarfryt:J,Chusketa (Walbaum 

in Af'fedi, t?~2~) salmcm ldtfed by bears wece earned intot~e forest: Tbe terrdency of 
s fo trarrport carcasse~ .~as independent of the sex an€! ~pecfes of salmon, but 

spanwed fish. \rfere more o,tten ~nsported than fish that bad ?ompleted spalJ"'.ning. 
ta en tagged sockeye salmon (Oncorhynptn.Js· nerka (Walb~um in ·ArtecU, .179~)) in one 

outhw~stem AJaska stream i~diCCJted that 42.6% of the killed salmon were transpor'{ed, 
nd.thathJghe,r percentages were transported in year:s when.salmon densities war~ 
reater. At six other streams, on ·av~r~g:e, 68.1 %. of the sockeye;satmon.kHled were 
~par~ntly transported away from. the sfre"am into. the .forest. . ~ombiniog the data from•all 
ites" th~ proportion of carcasses transported increased with water depth at the site. 
hese res.µlts ~m,phasize the role th~t bears play in mt;diating: .the inte,ractions betwe~fl 
utri~nts frGm s~l~on a(Yd ~~ t(;~rre~t~~:Hand aquatl~ ecosy,stems, and. the variation to 
rcass tHstribution amorrg stre~ms .and among years. 

s part of the National Park Service's Inventory and Monitoring Program, biologists from 
he US Geological Survey's Alaska Science Center conducted an inventory of birds in 
montane regions of Katmai and Lake Clark National Parks and Preserves during 2004-
006. We used a stratified random survey design to allocate samples by ecological 
ubsection. To survey for birds, we conducted counts at 468 points across 29, 10-km x 

10-km (6.2-mi x 6.2-mi) sample plots in Katmai and 417 points across 25, 10-km x 10-km 
ample plots in Lake Clark. We detected 92 and 104 species in Katmai and Lake Clark, 

respectively, including 40 species of conservation concern. We detected three species 
not previously recorded in Katmai (Ring-necked Duck [i], Lesser Scaup [Aythya affinis], 
and White-tailed Ptarmigan [Lagopus leucurus]) and two species not previously recorded 
in Katmai (Northern Flicker [Colaptes auratus] and Olive-sided Flycatcher [Contopus 
ooperi]). The most commonly detected species in both parks was Golden-crowned 

Sparrow (Zonotrichia atricapilla); Fox Sparrow (Passarella iliaca) and American Pipit 
(Anthus rubescens) were abundant and widely-distributed as well. We defined sites as 
low (100-350 m), middle (351-600 m), or high (601-1620 m) elevation based on the 

istribution of vegetation cover, and similarly categorized the 34 most-commonly 
etected species based on the mean elevation of sample points at which they were 
etected. High elevation (i.e., alpine) sites were characterized by high percent cover of 
wart shrub and bare ground habitat and supported species like Rock Ptarmigan (L. 

mutus), American Golden-Plover (Pluvialis dominica), Wandering Tattler (Tringa incana), 
Surfbird (Aphriza virgata), and Snow Bunting (Plectrophenax nivalis), all species of 
onservation concern. This inventory represents the first systematic survey of birds 

nesting in montane regions of both parks. Results from this inventory can form the 
oundation of subsequent monitoring efforts. 
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1 lasKa Penlnsala!Becharof NatiorrafWildHfe Refuge staff q?ndl!cted a survey of sprl~g 
tagliig waterfowl on the Naknek R,.iverin the Bristol Bay"draioage, Alaska Peninsula. 
la~ka, from 14 March -16 MaYc, ~o~e. Standardized ground:surveys ~ave been 
on~uc~ed onthe ~aknel< Rlversioce 1992 (surveys were initiated. in 1991), arrd 
is,tori~al information<on (>,henology; species composition,. aryd abundaoce Js pre~ented 

or each S!Jrvey y:eac lf?.2006, we observed :23sf!eGies, including Braf)f(Bratita bernicla) 
or ~he firsttimesince 2003, Brant am::Fring.,necked duck (Aythya ct:Jllaris) were only seen 

·· uring.disturbance surveys .• We aha1yz~d the upper.and lower rout~ data separately for 
1rstarri'fal date, pe~kcount, and peak date summaries. FifteeIMtearaverages of these 
ata were calculated for 13 principal species on tf)e upperc route an,d eight on the lower 
oute .. P~a,k co~nts were. h.igh, and arrival and f)eak counts were late f()t many W,aterfowl 
pecies thf~ yeai:. vye re-"s~mpled survey data from an years to ()btain. waterfowl counts 
lfh a unifo~m effort and then made between year comparisons. FolJow,ing a st~ndard 

col .. inftiate~ i~ 2~03, .disturttance data were··colfected to 0determine
0

~isturbance rates 
tl. effects of disturbance on staging waterfowL 

Local, short-term dispersal by the U.S. federally-threatened leopard darter, Percina 
pantherina, was examined in the field and in the laboratory to assess the possible effects 
f natural versus man-made barriers on movement. Mark-resight studies were 
onducted in two summers at sites in the Glover River (southeastern Oklahoma, U.S.A.). 
tone site, patches of 'preferred' habitat were separated by a natural riffle; at the other 
ite, by a low-water road crossing with culverts. At the natural riffle site, darters moved 
ownstream across the riffle, but also moved upstream into deeper water when water 
emperatures exceeded 29° C in the 'preferred' habitat. Use of deeper, cooler waters by 
his species in late summer suggests that thermal refugia may be important habitats for 
he long-term management of leopard darters. At the Road Crossing site, all 
ocumented movement was in a downstream direction, and at least two darters 
raversed culverts in the low-water bridge. Laboratory studies of movement across 
everal types of culverts suggested that culverts significantly decrease the probability of 

movement among habitat patches. 

1:57: 2t69~2176 Nort,heastem .Bristol Bay, Afaska, which il)CIUdes.thf6elargeestua~ies, fs .. used by 
multtpl~ sea dttck species ~uririg toe annual. cy~le. · l.:Jmfted ~erial.sorveys indicate that 
his. area supports tens ofthou$ands of king ~der~ and black sce>te,rs Gluring spring 
migration and the autumn r,no~t. Exi~Ung 5,'8tellite telemetry data were useei to assess the 
emporal paiter~s of h(ilbitat use and spaUal distributian ofking. eid~rs a~d btack scoters 
·n northeastern Bristol Baythrai.fgnout tl'le annual cycle. King eiders u,sett northeaster~ 

rlstol f!ay ~uring all monthJ> oftli~ anno,at cycle and black scoters used thEH:irea during ·· 
pring throu~h fall. 8Qth species exhibited

0

a~similar seasonal patte!'rl of us:e that 
·· orre$ponded with the timing of life cycle stages .. Abundanee of both spe,cies was 

hest during spring migration and th~ autumn molting pe,riog an~ lowest during 
mer.Use bx king ~id~rs dic,i not occur during all winter ff)Onfhsih evecy ye:<fr of the 
. ·King eidera IJl(ere more broaqly distributed tban black scoters and were locate'd 
r from shore in deeperwater. C()re u~e areas had minimal overlap; su,ggesting a 
Erpf spattal segregation between spe~ies0a,nd a preference for divergent.habitats in .. 

rtO,~a,ste!'rl Bristol Bay. furthetsti.,i,dy of potentiaLv~riatidn Jn inve:rte.brate comrnun,ity 
truCttlre that may correlate with th~ obsfjrved lnterspeC{llc spatial segrsgatioo in habitat 
se is needed to €ieterrnfne preferred forage and d~scribehan,itat requirements for each 

ie:s. Such Information is 11~cess,acy to assess th,e potenti3.l impact that future 
nthrop~genlc or environmental chaQges ma~ have on .habltatquality of northeastern· 
ristal. Bay and demography of Pacific.sea duck popufaticms that use this area, 
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1 (1 ): 31-37 One of the most spectacular phenomena in nature is the annual return of millions of 
almon to spawn in their natal streams and lakes along the Pacific coast of North 
merica. The salmon die after spawning, and the nutrients and energy in their bodies, 
erived almost entirely from marine sources, are deposited in the freshwater 
cosystems. This represents a vital input to the ecosystems used as spawning grounds. 

Salmon-derived nutrients make up a substantial fraction of the plants and animals in 
aquatic and terrestrial habitats associated with healthy salmon populations. The decline 

f salmon numbers throughout much of their southern range in North America has 
prompted concern that the elimination of this "conveyor belt" of nutrients and energy may 
undamentally change the productivity of these coastal freshwater and terrestrial 
cosystems, and consequently their ability to support wildlife, including salmon. If 

progress is to be made towards understanding and conserving the connection between 
migratory salmon and coastal ecosystems, scientists and decision-makers must explore 
and understand the vast temporal and spatial scales that characterize this relationship. 

4: 1 •19 oflections of sromachs rrom beluk:ha whales take,n by Eskimo sut)sistenc~ htmters in 
h~ ~ering an~ Chttk~~i Seas nave Qreatly infreased the. data available onsP,ring anf:J 
ummer fooii.ts i~ thOS'e area:s:. Ourin~ spri~~ mig:ratior Jn the prr~ckctti Sea feeding 
eems influenced: PY ice conditions: Spring foods inclu~e arctic cod, sMn1PS and 
ctopus. In coastal. areas of the noi'them Berin~ and. Chukchi ·Se~s, summer foods 

inclu(iie+saffron .. cqd,sculpins,.herring,smelt,.papelin,S"almon,.char,slirimpsandoctopus. 
~ffl:On cod w,as the primary prey speciesdn Nortorr Sq~nd and Es~hscholtz Bay in Jyne. 
ther species of fish~s are. eat~n Jn relation to theirsea~onat pattenis or distribution and. 
bu~dance .. Bas~d o,n information from.caastal resid,ents and the t~ter,ature, S'.imllarfoods 
re used in summer from Bristol Bay to the .. northeastem Chukchi Sea. In. Esctischoltz 
ay you!'!§ b~lukhas ~te smaller sattron cod tl1an older animals and males ate 

proportionately more s,culpins than did females; Ouri!!g autumn ~pd winter months 
oUock are probably the rnaj'Qr i;>rey in ttresoutheastem and soutttcentral Berinp.S6a. 
flile arctrcand saffron cods are~pr?bably the most tf11pOrtant:prey in m~re northerly 

Jaas. F?rey eaten by belukhas are similar to thos~ eaten by manyspeci~s ofp~nnipeds 
/ Qd o;ther cetacearis and harvested 6y commercia,I fisheries. Competition for food with 

tb,er marir,:ie mammals and with fisherie!? ma~Jnfluence population size and productivity 
fbelukhas: 

Special Issue 14: e studied natality in the Northern Alaska Peninsula (NAP) and Southern Alaska 
161-166 Peninsula (SAP) caribou (Ranger tarandus granti) herds during 1996-1999, and mortality 

and weights of calves during 1998 and 1999. Natality was lower in the NAP than the 
SAP primarily because most 3 year-old females did not produce calves in the NAP. 
Patterns of calf mortality in the NAP and SAP differed from those in Interior Alaska 
primarily because neonatal (i.e., during the first 2 weeks of life) mortality was relatively 
low, but mortality continued to be signficant through August in both herds, and aggregate 
annual mortality was extreme (86%) in the NAP. Predators probably killed more 
neonatal calves in the SAP, primarily because a wolf den (Canis lupus) was located on 
he calving area. Despite the relatively high density of brown bears (Ursus arctos) and 

bald eagles (Haliaeetus leucocephalus), these predators killed surprisingly few calves. 
Golden eagles (Aquila chrysaetos) were uncommon on the Alaska Peninsula. At least 2 
alves apparently died from pneumonia in the range of the NAP but none were 
uspected to have died from the same disease in the range of the SAP. Heavy 
cavenging by bald eagles complicated determining cause of death of calves in both the 

NAP and SAP. 
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13(2): 104~HO 

.. . ominco Alaska Explorati9n Corporatr~n is investrgatlng p(.lssible develoPmef1t of itS 
large Pebble C()pper pof:phyry0deJ#OSit 20 miles north~est of the comr:nunity ofllfamn.a In 
he Brist()I Bay R~~i()n. Since development offhe project would likely impact wildlife 
esources, Terra N.ord was·contr~cted tQ conduct a reoonaissa11ce level wilttlife s.~rvey:of 
he project area. The purposes ol this rep6rt are to: .1) docunienUf:J.e .. results of tfiat 
urvey for CofT1inco's on~oinll! assessm,ent process; 2'} sur:nmarize lnformatic>n on. . ..... . 

imJ>ortant wltdfi{e speci.es which woufd lik~ly ~e. impacted .by projecj li.'levelopm,ent; .and 3) 
ecommend further t1aseHn,e dafaand infOrmation study.needs where.appro.pr:iate. 

e completed a second year of aerial survey observations to monitor Black Scoter 
(Melanitta nigra) breeding populations in western Alaska tundra wetlands. The stratified 
urvey design was based on analysis of intensive systematic surveys flown 1989-1997. 
e flew 8 survey days from 12-21 June 2004 and 11 survey days from 13-24 June 

005. For each year and observer, we estimated aerial detection rates with independent 
ouble-count observations made approximately every fourth transect. The visibility­
orrected estimates of breeding populations after combining all 2004-05 data were 

108,100 Black Scoter (standard error SE= 13,300), 198,900 (SE= 28,600) Greater 
Scaup (Aythya marila), and 42,200 (SE =13,200) Long-tailed Duck (Clangula hyemalis). 
Compared to the similar surveys flown 15 to 7 years ago, estimated total population size 
indicated declines with average annual change at -3.1 % for Scoter, -5.2% for Scaup, and -
3.5% for Long-tailed duck. Other factors associated with flying the survey approximately 

weeks later in the season were confounded with, and may account for, these apparent 
hanges in population size. 

e ~xamined the site fidefity of sp~wni~g adult sockeye salmon (Onoornync;hus n~rka) 
·· ~ tagging ~nd releasing fish in the .sar:ne. f)treamreach .(~ontrols }and disptacin~ tfiem 

mong diffe,rentbutnearb)f sites (c, 50 ~ m.v~y); Three Sites, ~two above a stream 
·unction. faPP.~( reach and 'pond') anti onebelowffo~er' r~a,~h) • aUowed .. us fe compare· 
h6: behavigr ~fsafmqn in the presenc~ an~ absence of olfact°,ry cues a{ld hat,?itat 
Jmllarity; Most controls of both se~es (90%) rem,aine€1 in tnetmm,eoiate vicinity of the 
ggln~ and relea~e site: Wtien displacEl:ld downstreafT1. where th:e qdo;~s of both the 

r reach and tfie pond were deteetanle, mosts~lmon retum,ed to.their for:mer site 
. Displace<i soqkeye were r:nore likely tq retum to tl'le pond from the .lower reach 

the Opper one (P = 0~05), consistent with olfactory orjenta~ic,:>rt~and th~ 
ypQthe~is that$almon p~efercertain trabitats. Salmr:m~ispla?e,d fromttte upperfu> tJ:ie 

lowerreach.were much m()fe Uk:elyt()retumthan those clfspla,cedtothe pond (P <OJl1), 
onsisten.t fhe role of odors in orientation and inconsfstentwith the habitat oho.ice 
ypothesls. 
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he upper reaches of the Kvichak River system extend into Lake Clark National Park 
and Preserve. This system is the world's most productive spawning and rearing habitat 
or sockeye salmon. It contributes about 50 percent of sockeye salmon caught in Bristol 
Bay, 33 percent of the entire catch in the United States, and 16 percent of the total world 
atch. Wildlife abounds in and near the park and preserve. The Mulchatna caribou 

herd, numbering nearly 200,000 and said to be the most stable and healthiest herd in 
laska, grazes and calves along the western boundary of the park and preserve. Dall 
heep and moose forage the area, and brown and black bear, wolves, lynx, foxes, and 
ther mammals are present. Fish include five species of salmon, rainbow trout, Dolly 
aren, lake trout, northern pike, and Arctic grayling. On the Cook Inlet side of the park 

and preserve, swans and other waterfowl nest on marshes and outwash plains and rocky 
lifts in and adjacent to the park provide rookeries for puffins, cormorants, kittiwakes, 

and other seabirds. Seals and whales may be seen occassionally offshore. The park 
and preserve contains significant cultural resources since the area has been occupied 
ince prehistoric times. Dena'ina Indians lived at Kijik on Lake Clark until the early 

1900s, when they moved to Nondalton and other sites. Other prehistoric sites are 
located near Lake Telquana and along the upper Mulchatna River. Russian explorers, 
ur traders, and missionaries began traversing the region in the 1790s. The salmon 
industry began attracting white settlers in the early 1900s. While most of the early 
ettlers around Lake Clark were trappers and miners, recent years have seen the 
evelopment of an economy based on subsistence lifestyles, commercial fishing, and 

recreation activities. 

his .ccm~rvation Plan for the Pacific Walrus fn Afa!;>ka has been approved oy the U$ 
~ish apd Witglffe Service., Dt1ring the . .1988 reauthorjza~ion ofthe Marine Mammal 
Protection A,ct, Congress suggested con~ervation. plan$': (1) be prepared where tliey 

ot.1td. benefit the populatton, aQGJ (2) pro:Videcertain ~ackgmund r11aterial.a!"}tJ deye,lopa 
rategy for achieving the pri.mary goal ?f ttte.~MMPA ~f rnatntatning· population stocks 

eiroptin;:ium sustainabt~ population level, This plan has beeri develop~d 
ccordin~ly; 'fhe conseniaUon Plan d()es not neces~arily represent ecfficial positions or 
ppmval by co0i::era,ting.agencies'Or.organizations,: The Conservation Pt~n was 

li:fFE~p·ar.e .. €1 bythesfaff, Marine .. MammalsMan~gement,l:JS F'isham::I Wtldllte, SerVice with 
e. assist~nce of the Marine Marnm~~J 9ommisslon, ttie. f2sk:imo Walrus:Commission. and 

he University of~last<a to deHn~atereasonabte actions f)eli~vedrequirect to cons:~rve 
he Pacific walrus popufation witflin ther~quiremen!s of the Marine. Mammal Protectie:n 
ct of 1972: as amer:cted. \J\fhfle many of the contribution'!) and recqmmendatitJ,ns made 
y tflese organizations havt? peen fncorporated into tti!s Plan, the Plan d.oes not 
ecessarny ~epresent the views of these gr()ups,. nordoes ri alw<;iys repfesent a 

·· onsensus of these views. This C~n5ervation Plan wi!Lbe reviewed on a periodic basis 
n an as needed bast~: '.fhe time frame for the plan is viewed as 5.years. It is subjectto 

·•modification.as dictated l:iy new. findings, ct)anges ·in spe~ies sta:tu~, compl~tionof tasks, 
· ngo.ing legal J~terpretatton, poUcy chang~s, or CongreS:sional direction: Completion of 
mosttas~s i~dependen.ton obtaintrtg additional funds. 

None 
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.pec. lsS:, N: 1a1. fie fiv~<riat~rafly occurring an.d one transplant~d caribou. {Ranger tarsmtus {Jrant1) tter<:i 
142 in.soL1thwestem Alaska composed ab()ut 20% ofAla~ka1s caribe)U population in 2001. Afl 

1ve of ftte rnaj.lral!Y qccurring herct~ flucttjated considerably in siz:e between ttre late 
1800s and 2001.am1 forsome herd~ thed0cta fJr~;vide and irrsication of.long-term P,eriodic 
· 40-50 year} fluctuatforis. At tnepresE,:mt time, the Unimak (l.JCHfand Southern Afas~ 

.eninsula {S'1.P) are re~oyerir:g from pApulatlon dee.lines, the Northern Alaska .Peninusal 
t-Jerd (NAP) .appears to be nearin,g the end ofa protracted decline, and the Mulchatn~ 
Herd {MC~)appears to now be ~ecUning after 20 years of.rapid growth. The remaining 

atU,rally occurring herd (l<ftbµc~) has virtu~tfy disappeare'd. Nutrition tia.d a significant 
ffect on the ~i4e of 4~r:nonth~old aru:t10->mootb:olc;2 calves in the NAP and. Nusha~ak 

r:enintsuta Herd ~NPCHJarrd probat)ly also oo populatl6n growtMn ai least four (S_t\P, 
NAP, NPCH, anCI MGH) of the s.ix caribou herds iqsoutnw,ester:n Alaska. Predation . .does 
ot appear Jo oe, s,ufflcient to keep earibou f)erds in so~tttwestern Atas~a tram 

nding, prol:Yably because rabies is. endemic in,. red fo)tes (Vulpes vulpes} and is 
eriodioafly transferred to wolves (Canislup~s)and other canids~ HoWE'l,\fer, we foun,a 
vide~o~ thatpneumonia and h~of rot may resuJt in signiflca,nt mortality :otcaribou in. 
outhwastem Alaska, wtlereas there is no evid~nce that r;:ti~eeise. is important in the 
yrrarnics qf .lnter!or herds. ·cooperatiye .conservation programs .• such as the F<ift:n:ick 
aribou Ma,nagement Plan, can be sucaessful in re~training traditional haiyest ar:ml 
rornoting groW{h in c:anbou herds. In southwestern Alaska w,e also found evidence that 
mall caribQu herds can be swamped and assimilated by large herds, and fidelity to 
~ditional calving areas can be lost 
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2 his report summarizes the results of a preliminary investigation of caribou use of the 
proposed Pebble Copper mine site, northwest of lliamna Lake, Alaska between April 
1992 and December 1993. The Mulchatna Caribou Herd (MCH) has been expanding in 
range and number for the past decade and it is estimated to contain at least 82,000 
animals. Seasonal ranges of the MCH include the proposed Pebble Copper mine site 
and associated road corridors near lliamna Lake. Some caribou remain in the vicinity of 
he proposed mine throughout the year, not migrating north and west with the rest of the 
herd in the spring and summer. In recent years, most of the MCH shifted its winter 
range to concentrate on areas west from lliamna Lake. Calving areas for the MCH are in 
he vicinity of the upper Mulchatna River and near the headwaters of the Koktuli River. 
he Koktuli River calving area is immediately adjacent to the proposed mine site. Up to 

18% of the caribou harvested from the MCH are reportedly taken from areas near the 
proposed mine. The area offers hunters relatively good access and caribou are 

vailable throughout the hunting season. 

hi~ report summarizes. th~ resuits of captut~ and· s,urvey ~ctivitfes ~n caribou radio-
. <:>Hared nearthe r>rop<?sed Pebb,le Copper mine s.ite,.nortf)wes,t ofHian,ina l:a~e, Alaska 
etwee~ .. ApriI 19~2 anCI December 1993. Ttte .Mulcttatna cart,~ou Herd. {.M~H) 

··· ... <:>ntinued t~ exJYand in range and number during this hi~stfgatlon and was e,sttmated fo 
inclutte, from 110,()00to130,00'0 animals.· Carif>ou tttat were rftdlo.;c~llarefd near tlie 

e site appeared top~ representative of the entire .MCH. Seasonal ranges .included 
e proposed.~ebbte Copper minesltean,d ~~s9ciated read.corridors n.Eiar !Hamn~ 1..ake. 

In th:e late 198~'s, mc,;>st:ofthe MC,H sftitted its winter range to cohcentrate <;ln areas west 
om lliamna Lake. Calvin.gare~s were irr the, vicinity ofthe upP,er .Mulchatna Rive~, 

~ito River, ~nd Harris Creek, a~ welt as PGrti.of'ls of ~a$karrak Creek soutfiwest llf 
proposed mine. Ridges between the Nushagak and Kuskokwim drainages ~~e · 

avoret:Lin the, sun,imer anti falL Som~ caribou remained fnthe vl~inity of th:e prsposed 
n,iirre: tlirou§.liout the yea,rr 11ot migrating ngrthand west with the rest of the herd in the 
pring and summer. l:.argernammal observatio11s oeaf thk} mine site, were also noted 
urinQ tnrs investigation, ·Because of the dynamic nature ofthe l\llCPI and the pote~tial 

or, farreaching impacts qf mine development, it is recommended that radio.telemetry 
ata continue to be col.fecfed in 1994. 
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he Alaska National Interest Lands Conservation Act (ANILCA; P.L. [Public Law] 96-
87) of 1980 mandated that rural Alaskans be given priority use of fish and wildlife on 
ederal public lands for subsistence purposes. This concept conflicts with the Alaska 
Constitution, which guarantees equal access to resources to all users. The resulting 
onflict spawned a dual state/federal management system and considerable controversy. 

In southwestern Alaska, this dilemma is exacerbated by the equally dominant cultures of 
indigenous Yup'ik Eskimos and more recent immigrants from western cultures. Although 

ildlife conservation is an important goal of both cultures, management philosophies 
and practices are dissimilar and sometimes contradictory. This is especially true for 
brown bears (Ursus arctos), which hold an important place in Yup'ik culture and are 
highly prized by trophy hunters. In 1991 and 1992, brown bear subsistence hunting 
easons were significantly liberalized in southwest Alaska. In recognition of the potential 
anger of this liberalization, the state and federal regulatory boards concurrently 
tipulated a research program to determine bear density and harvestable surplus in a 

representative portion of the area. We began the investigation in 1993, but have been 
hampered by conflicts between Yup'ik and western beliefs. Nevertheless, we have 
ained important insights into dynamics of the bear population and attained a better 

appreciation for Yup'ik traditions. Our null hypothesis was that bear density could 
ithstand increased harvest pressure associated with liberalized hunting seasons. We 
aptured 60 bears and radiotracked 30 adult females for 3-4 yrs each. Our data suggest 

a stable population with a low reproductive rate. Although we were unable to determine 
population density, preliminary estimates suggest it is comparable to other areas in 
interior and northwestern Alaska. 

fl:e subsi.~te11ce harvest ~~rv~ in Bristol Battias been conducted for elght yea~sz 19915, 
19,97,.19~9,.2000,,2001,2002,2004,.and20()5.0ntheToQ:iak.NationalWifdlife.Refuge 
Refuget: ttt.e survey.hasbeen·conducted for t~n.years,.1995-'2005. (Nt)survey Was 
onductedJnBristol .Bay in 2003J. Summarytat)tes .~fBrlstolBay bird arfd eQ9harvests 
rom 1995_.2005 are included here. SUJ1l~ry tatites of harvests: for: eacfls~b-region: 
.d'giak,. Nusl;Jggak-Oillirrfiha(tl-lliamna (including ~ing ~almon-Naknek}, and Ataska 

Pe,ninsula, 2~0t-2G05, are also Included (Tables 1-6) .. petailed harvest tables are 
include.Ci for each species, with estimates by survey perjod and sub .. region, from 1~95 
hrouglJ 2005 {Tableso-1 044>,. • Th~sutl'sistence rrarvest survey.in.Bristol Bay i11 es 

vU!ages'(Figure 1 ).<Six of the communities are in the rogiak sub·regic:>i:t~ 16 are . li 
agak~ QiUingham- IHamrra sub-regio:n, and eight are .in the Ala:ska Peninst:Jta .sub­

egion: 

Data on tundra swans (Cygnus co/umbianus co/umbianus) were obtained on the 
northern Alaska Peninsula from 1983 to 1987. Phenology was advanced 2-4 weeks of 
wan nesting areas in the Subarctic and Arctic, but a late spring retarded nesting by at 

least ten days. The highest densities of potential breeders (0.3-0.9 swans~km2) 
ccurred along the lowland coast and in broad drainage basins. Estimates of the 

breeding population ranged from 4000 to 4600 swans. Brood sizes in August ranged 
rom 2.7 ± 0.3 SE to 3.3 ± 0.5 young. In summer, 51-66% of the adults and subadults 
ere observed as potential breeders, and the remainder were in nonbreeding flocks. 

Between 31 and 40% of the observed pairs had nests or young. The population and 
production on the Alaska Peninsula may be less affected by weather than populations at 
higher latitudes. 
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Many wildlife specre!S feedon anadromo!fs f!shes ofseve~ai life-historxstage:s: There .is 
videnee forso,rrte wildlife speCies: thaUfie a~atltibility ofanadromous fisl"l is·critica11y 

Jmportant for survival or r~pord~ction; In. some regicms anadromous fishes in fresh water 
ppear fo 6~ keystone foed resourc~s for vertebrate predators and scavenge~. f<,>rgin,g 
ri, ecologi~tfy signific(3nt link be~een, a tic and terrestrial ecosystems, ·the spatial 
istributlon ofanadrortlous fish in fresh , in9luding.ttle occurrence of runs in very 
m~ll strealilS, has important c9nsequences:,for wildlife biology {social interactions, 
istribution, activity patterns, possibly survlvorsf'lip) am;I conservatron of &iodiversfty, 

(From Introduction): Anadromous and inshore-spawning marine fish provide a rich, 
easonal food resource that directly affects the biology of both aquatic and terrestrial 
onsumers and indirectly affects the entire food web that knits the water and land 
ogether. In addition, the authors suggest that the presence of a seasonally abundant 
ood resource has helped to shape the evolution of aquatic and terrestrial consumers 
and that predators have proabably exerted reciprocal evolutionary pressures on their 
prey, potentially influencing the life history and morphology of these fishines. Finally, the 
authors suggest that anadromous and inshore-spawning fishes constitute such an 
important prey base for terrestrial wildlife that conventional ecology dogmas need to be 
revised. Interactions between anadromous fishes and wildlife have been recognized as 
having some general ecological importance (e.g., Brown 1982), but only recently have 
he ramifcations of these interactions and their potential magnitude begun to be 
xplored. Because many of the ecological links still need to be described and quantified, 
he authors concentrate on sketching an outline of the interactions, documenting the 
ffects where possible but also noting effects that seem probable, subject to future 

research. 

ake lliamn~, a freshwater Fake local~ 362 km (2~5 ·.mo southwest of Ancho.rage,· .. ls: 
()me to a small breed.Ing colony of trarpor s:(Jals (Phoca vitulinfi). lliarnna is the largest 

lake in Alaska, measuring 124 km {77 mi} long anel 35, km f22 mi) wide.. These sea .. ls are 
know.n toHve tn the lak~.~ear .r,ounGt. Altheug~ tfle lake is connected t<,> the Bri$tol Bay 

.... ia the Kvichak .River 1~0km(75 mi) in length, th~reare, no .. known accounts of 
··immiQration or emigration:. The only oth~r instan<(e ?fa fre~hwater populatipn ofnarbor 

eals is the subspecies (P, 11''. meltona~) that if1ha~itsLacs de~ l:.oups J\Aa,rins on tf)e 
Ungava Pen.insuta ot northern Ql.}ebec, Ganada. Worldwide? there.are ohfy fo~rother 
take .. dwelling seals {all believed to l:Je, or descend~d from,ringe:d s~ats}. Ttieycinf1.abit 
tie freshwater La,ke Baikal (P, sif)irica); Lake Sa.imaa (P. hispida saimensis); l-a,ke 
adog~ (P. h. :la<Jog:ensis) and. the ~altwa~r (1 '.2~) Caspian Sea (P. caspic(il). In·~. 
o,ntinuin:g effort t() 010nitor harborseal abondance, distribution? .and trend ·throughout 
l~sk:a, scientist~ fromNOAA'sNationat Marine Mammal Laboratory (NMML) ttew, six 
urveys ef ~ake marnna in July aot:I August 2oae. These surveys oc9urred at different 
im~s ()f day and .varying weather condttio,ns to. understand ~ow covariates .. such as date, 

e Qf day .. andweather, influe1nce seal haul-out. The counts, unadjusted for~ovartates, 
Jndicated .that. ttiere'Wei:e at least 2$5 seals at the lake .d:uring the survey pericrd ... ·This 
ompare~wlth.cou,rfts of131in1~91 (Mathisen and ~Une; 1992); 321il"l 1998 (Small, 
001 }; 225 in ) 9~9{Small, 2001 ); and 102 in 2005 ~NMML, unpublished data). wa111na 
eals d.eserve s~eciaf attentio~ .. Asic.te from their atypical ttabitat, ·it .. is urikRow~wtiether 
hes~ ~eats are qeneticatty-,lsotated from otf"ier harbor Se(:lls. in Briste>I Bay, Potential 
impa9ts from develqpment of the Pebble gold and copperrnines, about.24 kmfro,m the 
lake, are ()f concemJor. these s~~ls'conservatlon stat1.1s and eontinuetl avaHatiifJty for a 
maff subsistence harvest by Alask:a··Nativehunters. 
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he wolf management report for northern Bristol Bay (pp. 118-125) indicates wolves are 
ommon throughout the region, though historic and current abundance remains 

undocumented. The Nushagak and Mulchatna drainages support the highest densities 
in the area. Trapper reports and other observations suggest a stable population during 
he reporting period. Wolf population estimates are provided based on trapper 
uestionnaires, incidental observations during moose and caribou surveys, and harvest 
ata. Similar documents produced in previous years may be obtained from the ADFG 
ebsite: http://www.adfg .state.ak. us/pubs/dept_publications. php. 

ne l:)rown bea.r.management report for nOJ"them Bristol Bay Is on pages 175 - 186. 
Br9wn bear$ are tl~scribed as co,mmon throughout the areca, arrd particularly a~tmdaht 
tong salmonspawning areas in theNushaQ&k, Mulchatna, ToQiak, and Kulukak 
rah1;a~~s asw~ll as throughot,Jtthe 'JVO(Jd Rivet'ITik~hi'5 l?akes: Huntln.g .inther~g.ion 
as .. Increased since the mid .J990s, ·and ~res~ur~ is highestalong the. Nushagak .River 
nd Mulchatna ~iver dr~fin~qes and. in the. motjnfains .stJrro4nding the Wood, 

River/Tlkchik Lakes. · Nonreside~ts account for: the ~aj()rity of brown bear narv~st. 
Human activities in ylUage's inttte arsa freq~ently attract brown. be~ra including. open 
landfills, re~idential garbage, dog. food, aQ<f fish..:dryinp r:aek,s. Habitat fn the. ~gion is 
escribep as virtually una .. ltered and in exc~llent. C(Jnditiqrt The report ind.icates 

proposed devel~pmentof th,e Pebble. copper and gold. mine J"Ias •. the pn,~siblflty of 
ffecting bear.haf;>itat, though the degre:e ·of affe,ct is unkn:owrl, ... Harvest data for the 
egion are pr,esented at the .. end of the report :S,imilar documents produced .in previaus 
ears rtJay be obtained from the AOFG wehsite: 
ttp:llwww:.adffJ.Sla!e,~~·tts/pubs1dept;ptjbliqatipn:~.php. 
he caribou management reports for Bristol Bay (Mulchatna caribou herd) and the 

northern Alaska Peninsula (Northern Alaska Peninsula caribou herd) are on pages 14-
2. They describe the historical abundance of both herds based on observations and 

aerial surveys. The Mulchatna herd probably peaked in abundance in 1996 at 200,000 
animals. The 2006 estimate was 45,000 animals. Range increased and changed after 
herd size peaked from the north and west side of lliamna Lake to the Kuskokwim River 
or wintering. Calving areas have changed as well, from the upper reaches of the 
Mulchatna River and the Bonanza Hills to the Mosquito River and Harris Creek 
rainages north of Koliganek. A possible reason for the changing range is an 
xceedance of carrying capacity in former wintering areas, and extensive trampling and 
razing in summer areas. Population size and harvest statistics are listed for both 

herds. The Northern Alaska Peninsula caribou herd (NPACH) is currently in decline, of 
oncern to ADFG. Population counts ranged from 15,000 to 19,000. The herd winters 

between the Naknek and Alagnak Rivers. The NPACH has been designated a 
population important for high levels of human consumption. Hunting has been limited in 
recent years due to concerns over decreasing population numbers. Similar documents 
produced in previous years may be obtained from the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 
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h~ furbe~rer management r~pottforthe Bristol B~y Region is on.pa'gel). 197-2<17" .··It 
ascribes trapping as .an impt,:Jttant i>,art of the cultu.re ant:f economy onhe r~sidents ;of 

he reg.ion, an~~ prlma!)t.:sourcepNncomeprior to the gro~l:i of the commercial fishing 
industcy. Beaver were historically the. most lmportantfurbearer in the area, but beaver 
rapping effort dropped as commerciaf sa.lmon prices rose~ Qther furbearers commonly · 
rapped in the region include .red Jox and lana otter. l:ynx,wolverines, marten, mink. 
nd cpyotes are also tr~pped, th<:>ugh J~s c~mrrionly. Beaver, otter,red fox, amf· 
olvertne populations are;reperted asst.able. Lynx populatio!!s (ire r~ported as low. No 
atawere availabfe to assess ~oyote, rriarten, fT1ink, or l/\feasel population trends; 

1-l~rvest s,tat[stics, are presentefll, Similar docurnentS. prOduced .in~preyious .yerar.? may be 
pt?ined from th~ AOFG·w~bsite: 
ttp:flvv\f\f\f\f .a(jfg:state:ak:us~p4bs/QepLpubli~ations.phf:>. 

he black bear management report for Bristol Bay may be found on pages 199-207 of 
his report. Little is known about black bears in the region, though the greatest densities 

are suspected to occur in the upper Mulchatna and Nushagak rivers along the 
Chichitnok River. Nonresidents account for the majority of reported black bear harvest. 
Black bear habitat in the region is described as virtually unaltered and in excellent 
ondition. Harvest statistics are listed at the end of the report. Similar documents 

produced in previous years may be obtained from the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 

he moose management report far the Bristol Bay reg ton maybe found on Jl)ages 246-
68. It describes m9ose as relativel~ new il!habitants to the ~egian, with increasil'JQ 

populations during tfle last three decac;le~. It indicates. moose are common along the 
Nushagak!Mulchatna Jhters and aJhoftheir rTlajor tributarie~ as welt as the Wood-Jil<°'hik 
lakes area ... Populationtrends have .been incr?a:sirrQ drarnaticatly in recent years despite 
increased predation b>' \l\IUlves and bears amit1fgher harvest l~vel~ ... t-tarvest statistics 
re listed at tfle end of th~ report .. Simflar documents produce.cl in pteviGus years may 
e qbtained from the 1\DFG webSite: 
ttp://www .attfg .• state.ak,.us/pubs/depLpuDHcations.php. 

his document includes 40 maps outlining land designations and habitat areas in Bristol 
Bay for marine invertebrate gathering, waterfowl trapping, salmon, freshwater fish, 
marine mammals, caribou, geese, shorebirds, gulls and terns, eagles, Stellar's eiders, 
brown bears, and swans for each community. 
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Nolie 

Pages 34-39 contain information specific to Western Alaska's shorebirds, listing priority 
horebird species that commonly breed, stage during migration, or winter in the area 

(Table 5). The region overall hosts over 30 species of breeding shorebirds. Priority 
onservation issues and actions are outlined, as are threats from climate change, and 
horebird hunting and collecting. This document and previous versions may be 
btained from the following website: 

http://alaska.fws.gov/mbsp/mbm/shorebirds/plans.htm. 

Yes. 
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tie article d.0cuments distribjJtton am:Jrelative numbers of 32 $peci~s of p:elagicbirds 
bs~rv~d in Brist()I Bay: eightl·WGtic loons and filree additional ICJops, fulm$rs, 
ttea~ate~s.stormpetrels, cormorants, dudksfincludiog Hartequln duck's), ~fders, 
caters, tumston~s. sandpipers~ phalarqpes,, gulfs, terns, and alcids (including 111art>led 

murret~ts and puffins). Distribution "maps t:ras6d on transect surveys.are inciuded in the 
rticle. 

alrus foraging marks are mapped indicating high, medium, and low use areas of 
Bristol Bay by walrus. 
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h~. r*!port con~ludes that brow~ bears ext~nsiv~lyuse the salmon· stret:uns. of ttYe area, 
nd that ttle t:liUS; e1rou~d the ore body are used as some ofthe only denning. tiabitat 
lorrg tt:ie nort~west side of lliamna Lake .. Harv~st data indicate tt:iat htmters use the 
rea aroun(j tile proposed mine te hunt b~ars. Moose surveys lrfdicate low densities in •. 
he vicln,ity of the propose~ mipe, although harvest dat~ indicate subst~nti~t moose 
u~ting effo~. Tr'apping data indicate .that th~ are~ around tile propose'a mine is 

particulai1y popular for beaver, lynx, otter, wolf, and wolverine harvest. 

he website summarizes marine mammal research conducted by the Bristol Bay Native 
ssociation. It documents beluga whale movement in both the Nushagak and Kvichak 

Rivers as well as Bristol Bay on several sampling occasions in 2008 and 2009. Walrus 
ubsistence harvest guidelines are outlined for Bristol Bay. A harvest monitoring 

program is described. Additional information can be found at the following website: 
http://www.bbna.com/website/NaturalMarine-BelWal.html#Walrus. 

Nohe 
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None 

he. Nationa:t··parkSeMce southwe$t A.l~S:k.a Network {SWAN) lnvehtoryancl Monitoring 
Prcrgram rep~r:t provide tne · n1ast compreheR$ive sma,H mamma:t data. for the regiof1. 
he ~rea may be:direotly iQ1pected in. the fut~re a,s stat~ .mineral claims extend Jnto th~ 
hOHtna ~ver waterah~d w~lch drains t() Lake (}lark .. ·· fV1any .of th~ species·inventorjeC:I 

in thls report have rangS's which may extend into the area. 
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teUaf:s Eiders are fistedas threatene'C:l undfil provisions oftbe US Endangered Species 
.ct Th~ artjcle ihdlc~t~s ttmt Stellar's Eiiders <>¢cur fn Al8;Ska near headlands and in 
st1.,1aries from Nunivak lsla(ld and tile Yu~on-1-(uskokwim Delta to the s'otithem Alaska 

Peninsufa in tfie State of Alaska (including. Bristol Bay), . 

Maps of survey sites and tables documenting waterbird and mammal observations are 
appended to the report. Earlier versions of this report may be obtained from the 
USFWS website: http://alaska.fws.gov/mbsp/mbm/reports.htm. 

Desc.ribes the water sournet,~r Clark's Point a~ spring-t,ed wells .. Water is.tr?at,ed with Yes 
.filorine and l1~uride. ·.commercial. fishing forms the ec?IT()ffifc b~se for th6, community. 

Fish ·anti salmon. Subsistence, activities.are crucialto the Jivelih?od of residents. 
bof:?a~ion, c,Hmate, history, c,uiture, deme>grapltics, facilities, other utilities, scttools, health 
are:. e?on:omy,transportation,organizations wl:th lo~al offices, and regional 
rga;~izations am. also des,cribed .. May be obtained from OCRA website: 
ttp::/lwww.commerce.state.ak.us/dca/commdb/CIS.cfm. 
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Describes the water source for Dillingham as three deep wells. Water is treated and Yes 
piped to 40% of the community. The remaining 60% use individual wells. Commercial 
ishing, fish processing and storage, and other support for the fishing industry forms the 
conomic base for the community. Fish and wildlife subsistence activities are crucial to 
he livelihood of residents. Location, climate, history, culture, demographics, facilities, 
ther utilities, schools, health care, economy, transportation, organizations with local 
ffices, and regional organizations are also described. May be obtained from DCRA 
ebsite: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes tRe water source for Ekwok as primarily indlviCIUal weJ!s. Fish and wilGJlife Yes· 
1.JbSistence ac,fhtlties are crucial to th~ ttvelihood of residents as most r~siden~ are not 

iAterested irt. participating in a cash econ,om'.!, A handful of residents fish commerciaUy, 
nd. the viUage corporatlem owns ·a ... fishing.loctgei ··· Gocation, clifflate, histofY, culture, 
emogf$p~ics, facilities, other utilities; schOots,. health ?are, economy'. ~ransportatiof1, 
rganizattons with .local o.ffices, and regional organizations are alsodescril:1e~ .. May be 
btained fr9m OCAA website: f\ttp:/lwww.commercf!,stateJ:1k.ustclc,a/commt:ib/CIS.:ofm. 

Describes the water source for lgiugig as the Kvichak River due to inadequate Yes 
roundwater supplies. Should mining commence, the risk of drinking water 
ontamination of the Kvichak River exists. Residents depend on the commercial 
almon fishery as well as fish and wildlife subsistence activities. Trophy rainbow trout 

attract sport fishermen to the area, and seven commercial lodges operate in lgiugig, 
erving sport fishermen and hunters. Location, climate, history, culture, demographics, 
acilities, other utilities, schools, health care, economy, transportation, organizations with 
local offices, and regional organizations are also described. May be obtained from 
DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes wat~rsource$ forlJ:famna as indiyicfual wells. Pofflmefciaffishrng, sport Yes 
1shing aod touri~m are fisted as. majOf'. sources .of .. inc~me tor t,h~ community. 
!JbS!stence hunting and fish in€) isalso:an important so~ree O:t livelihood for me 
()mmunlty. Also desrrfbes location, clim~te, history, culture, ctem()QraJ)hics, fa~ifities, 
Ufities, schools, he~l{ll care, economy, transportation, organiz~tidns with local offices, 
ncl. re~ionat °'rganl~ationS:7 fv1ay be otitained fro.r:n fjCAA website: 
tt.p://WWw:comr:nerce:state.ak.usldcatcommdb/CIS.cfm. 

Describes water sources for King Salmon as primarily shallow individual wells, and a Yes 
mall community well for FAA housing. Commercial fishing is important to the King 

Salmon Economy, as is tourism given its proximity to Katmai National Park and 
Preserve. Sportfishing is also popular in the area. Location, climate, history, culture, 
emographics, facilities, other utilities, schools, health care, economy, transportation, 
rganizations with local offices, and regional organizations are also described. May be 
btained from DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Descri.pe,s wat~rsoorees for Kokhanok as a pip~d water ~ystem:as well as a separate 'res 
eHand treatmentfacility tor the loceiLschooL Commercial•fishing isantmporf(lnt, if 
eclining eco~om.io. base in the community: Most restdents rely heavily on. fish and 
ildUfa subsi~tenoe •. Also descrlt>es location,clim~te, history, culture, demographics, 

acmties, utmties, ~cfiools,, h~~ttti c,are, economy, transpo~ation, or!;ra~izationswith local 
ffices, and regional organi.zations,. f\t1~Y beobtainecl. from DCRA webSite; 
ttp:/lwww .commerce.state.ak.us/dcrucommdb/OIS.cfm. 
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Describes water source for Levelock as individual wells. Commercial fishing, fish Yes 
processing, and storage form the economic base for the community. Fish and wildlife 
ubsistence activities are crucial to the livelihood of residents. Location, climate, 

history, culture, demographics, facilities, other utilities, schools, health care, economy, 
ransportation, organizations with local offices, and regional organizations are also 
escribed. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Oescrit)es wat~r SO!Jroe fc>r New Stuyahok as treated comrnuni.tywen water~ The Yes 
atmon,fishe~ forms fhe economic base for the co,mmunity, Fish. and wildfife 
ub;sistence ~activities are cruel~! to tfie livelihood 0fresident~~ L~tion,cllmafe, 
istpry, culttire, d~ .· hies,. tacflities, ether util!ties •.. schools, health ~are, eeonorny; 
~ans.portation'.. org~Qf .... with local offlc~s, and regional organizations are also 
· escrtbed. May be obtai11edfrom OCRA website: . · 
ttp:l,/www ,commerce.state.al<.us{dca/commdblCIS.cfm. 

Describes water sources for Newhalen as treated water derived from a community well. Yes 
Commercial fishing and sport fishing for trophy rainbow trout provide economic 

pportunities in Newhalen. Residents also depend on fish and wildlife to support their 
ubsistence lifestyle. Also describes location, climate, history, culture, demographics, 
acilities, utilities, schools, health care, economy, transportation, organizations with local 
ffices, and regional organizations. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describe$ wa{er sources forNondalton as treated su~ce water from Six-Mile L.ak~. Yes 
ommercfal fis~irrgand s~bsisten~e.hu.nting.are wimary sources of livelihood i.n.the 
illage .. ~lso d~scrif§:l:fsfocation, .climate~ history, cult1;tre, dem<,>graphics,!acilities, 
tilifies, schools, health care, ~ccmomy? transportation, orga~izations with toe.al offices~ 
nd regiof'.)at organizations. May be obtained from QCRA website: 
ttp:/lwww.commerce.state.ak.us/dcatcpmrndb/CIS.:cfm. 

Describes water sources for Pedro Bay as individual wells or surface water from lliamna Yes 
Lake. Employment consists largely of commercial fishing and tourism services. 
Subsistence hunting and fishing is also an important source of livelihood. Also 
escribes location, climate, history, culture, demographics, facilities, utilities, schools, 

health care, economy, transportation, organizations with local offices, and regional 
rganizations. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Describes .water sources for Pol'.f~ge Creek as hauled ffoT de>wnrfver. (P?rtage Creek); 'Ves 
Residents depend on fish and ~ild:Ufe subsistence actMtres~ and .a lodge, operates 
uring. the summer. Locatton, climate, hi~tGry, ~u~tu~. demographics, faciliUes; pther 
tilities, schools,· health ,care., econofi1y, transpdrtation, arganizatfc.mswith loeaLoffices., 
rrd rsgiooal organiZi!itions a~~ also described.. l'Vlay be obtained. from OCRA website: 
ttp:l/www.commerce:state,aR .. us/dc:a/commc:Jb/CIS.cfm. 

Describes South Naknek's water source as primarily individual wells (surface or Yes 
roundwater are not indicated), and some piped water. Commercial fishing and 

processing are central to the economy of the village, and residents depend on 
ubsistence hunting and fishing. Location, climate, history, culture, demographics, 
acilities, other utilities, schools, health care, economy, transportation, organizations with 
local offices, and regional organizations are also described. May be obtained from 
DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 
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he .article aescribes tfie Yukori .. K.usko~wim [)~lta and the Brist!i'l Bay 11.QWlan:cts a~rth~ 
wo most important breeding areas.tor greater white-fronted geese in tne, Pacific Flyway. 
he.work was stlmtilated by populationdecfines ofthose geese .. ltincludes .. a map 

.. ocwmenting autumn migration am::! wintering areas. ··· 

None 

~e repo~ includes a map of areas used by:Manokotak lit,itib~·rs to harvest inoose and 
marine .mammals, and doc,umentsepible weight ofsubsrsten~ forManokotak and 
Dillingham at 2006 and 715 po\.lfids~ respecti~ely. Mean housetrold JrarV:est is 
ocum~ntedfor 19 Brist.ot B.ay communities f0rsatmon, .. otherfish,, m~rlneJnvert~t:>rates 
butteram:I rai,or ctains),. land mammals, marine mammals, furl:}earets, .birds and eg.gs, 
nd plants. Response to growing hunting. pressure by recreational hunters is discussed.~ 
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Similar reports for previous years may be obtained from the ADFG website: 
http://www.adfg .state .ak. us/pubs/dept_publications. php. 

his reportl:>~ietly'dei:cribes· the<su~sistenc,e ~sheri0's oftfle Bristol. Bay .Management 
reia., pri(TlaJY focus on the sal(Tlonfisheries. It is based pn informat,!on gathered 

(:lepartmenfs subsi~ten~e salmon permit syst~m and from research 
onducted byth~ Division of,Subsistence.The populatton, c~mmunities aM cash 
conomyofth,e.region aredescribed. General .h~rvests inBristol Bay aredescribed as 
mongst the .largest inthe state ~nd include salmo~ {51 % of the harvest),. lanq 

mammals (mostly.moose arrd>caribou, 31%), n,on:::salmon, fiS,h(1E>%), and other. 
esources such as marine mammals, b!rd.s aM ~ggs, marine invertebrates; and.wild 
pl~ots {8°/o ): Th.e av~i;age annual value ~f. the average ho~sehold subsis!errce in the 
egion is ~sti(Tlatedat $7, 195 overall, am;t $11~~20in vilf(!fge housel)olds in a region wtth ·· .. 
verage, annual inQome 9{$13,15'4. Subsii;tenc~.regul~tlonsare described and 
ubsistence permit us~ is ·charac,terized .. Results indicatesubsi~tenc~ s~lmop t:farvest 
as declinedmore than.h~lfJn the lasttwodec~et;, primarily in the Nusffag~k+and 

Ni::iknektKvichak districts as the result of lower average catches rathertt:f~n .less 
participation by ~esideots .. Declines are attribute~ to poor.retums, ~ndscarcitiesof 

at111,on, in of)ce ~eliable traditional. harvest loc,auon~>. The report conc,fudes that 
· ubsistence fishing is crucial to the econom~ a,nd wa.Y of life of Bristol Bay,. provfc:Ung 
utritional and economic value, and sup.porting cultural and social values. 
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nalysis for Port Alsworth, Nondalton, lliamna, and Newhalen. Kvichak River sockeye 
almon comprise the largest subsistence harvest in Bristol Bay, but are listed as a 

"stock of management concern" due to the stock's chronic inability to meet escapement 
oals. The study indicates that poor returns were a factor responsible for steadily 
eclining harvest since the 1960s. Declining returns are of great concern to residents. 

Subsistence harvest between the four communities has ranged from about 30,000 to 
nearly 90,000 sockeye salmon since 1963, comprising from 44% to 89% of the total 
ubsistence harvest. The report includes maps of subsistence fish camps and harvest 

locations on lliamna Lake, Sixmile Lake, Lake Clark, and the Newhalen River. Fishing 
and processing is described and illustrated. Kinship relations between subsistence 
ishers as well as distribution of fish about the village are described using case studies. 

inter fishing and non-salmon fishing are also discussed briefly. Declining populations 
f caribou and moose are discussed as an explanation for higher harvest goals for 
almon in recent years. Increased fuel costs are a major concern in the region and also 

may increase subsistence harvest goals as the cost of shipping store-bought foods 
increases accordingly. Cultural and social values of subsistence are explored. The 
authors conclude subsistence fishers have developed fishing and processing practices 
hat promote conservation and self-management, support family and community 
onnections, as well as spirituality and cultural tradition. The subsistence fishery for 
hese communities ultimately produces many thousands of pounds of nutritious, virtually 
irreplaceable food. 

In ... fight of the crisis of salmon .. decline~ in .the Pacific Northwest affd the b.illions ·of dt:>IF~r:s 
pent unS:uccessftlllY' to restore them; the authors revi?w the growing bodyef literature 
xamining the.· impor"tance qf salmon tjerived .nutrient subsiet.ies to botn fres11water .and 
lparian communities. ·tne Bristol Bay regio.n Js used to tllustra!e the magnitude of 
utrients im14ortedfrom theocEfan, as much as5Ax 107 k?of t:'litr:ogen, 4.7x105~g of .. 
a~ pfus other macroeleroe~.ts fur a ruA Qf .~0 m1UiOf1 SO:ckeye. · Those nutriefltS disperse 
s. far upstream: in freshwater as sujtabte ttabitat is acces~F~le, extending. the.interface 
etween <;Jcean and land. A mt..11Utmie of spec,ies interact wlth .and benefit from th~se 
uttients. including bears, insects, bird.s., benthos, zo,oplanktE)n, and rtpari~n vegetation. 
almcm:aerived nutrients in~rease lake, productivity, macroinvertebr~te growth, 13'M 

·wvenile salmon Qrowth. thereby increasing their survival.< Bi~s as~ocfated wttb riJ)ariah 
abitat.are fo~~d in gr~ater~ensitie,s on sa,rm~n streams, The carrying capacity of 
e"ars increases vastlywhere salm<,:>n.are ~vailable. Fitness~relat~o :variables, including 
rowth rates, Utter sizes, and reproductive success, have be~n attriouted to salmon 
vartabi.lity for salrrfong~nsurrfers such as eagles, bears, anel. mustelids, higf"llig~ting the 

ifl1portance ~f sall)Jon to their P.opulatio~ dynamics. Ma~a{ie.m~nt implications of 
eviewed research is. dise:usse? and the author:s point out that artiftciaHy placing 

rcasses i~ not a reaHstic mariage.ment decision due to the magnitude ofcarcass.~s 
fiat w?utd be neede~, afid streamfertfliz~fion does. not suppof1 the terrest!lal 
nvironrnent like satmo~, The aythors.i!1dice>te that the pr¢servationofprocesses 
elatEtd to salmon-derived nutrients Is of particular importance. 
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None 

otv~rine harvest density is high inJhe Bristo!Bay region relative ~Q much oJ Alas1<~0as 
in~icated in Ftgure 3, 
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Southwest Alaska and the Arctic-Yukon-Kuskokwim Delta are considered together for 
the purposes of this report, which provides a profile of sport anglers, the economic 
significance of sport fishing, and the net economic value to the state. It lists Bristol 
Bay's Naknek River as Alaska's 9th most popular sport fishing site. 
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None 

Lake lliamna seals are referred to as one of only two populations of harbor seals in the 
orld that reside solely in freshwater without exploiting the marine environment. It 

indicates that they exhibit no regular movement up or down the river. 
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None 

Distribution of the Mulchatna, Nushagak Peninsula, and Northern Alaska Peninsula 
aribou herds are illustrated in Figure 1. Population dynamics of the Mulchatna caribou 

herd are discussed, indicating that in 1996, the herd was the second largest in Alaska at 
00,000 animals. Range changes of the herd are mapped in Figure 2. Caribou were 

reintroduced to the Nushagak Peninsula in 1988 and their population quickly expanded 
o over 1000 animals. 
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u!:>~istence hunting for caribou'. moose~ bears, and sneep:ar~ described as extremely 
ommon in 18 Bristqt Bay communlties wnere5,l)rveyswere c~oductsd .. 41~ of 
ouseho;tds hunted moose .• · and 37°/o hunted caribou, ~~nd the va~t,majority of all 
·ouseO,.Q!ds u~edmoose and.caribou (73.4% and.8.1,1%, respecfjvely), Ha~estanc:t. 
se o,f bears .. ~nd Oall sheep is relatively. tow ... Harvest .of large mammals lh usable 
pound~ ran9ed fi:'omt6 p9um:1s, per persofl in Port Atsworth to 369pounds per person in 
Nondalton in 200112<102. Harvest data Is .present~d bY species and community. 

None 

his paper e~lores, thereasoritlie eart~·supporfs ~o 1!1any
0

kinds:o-Forgant$rris. It 
ocu,ses attea,tion on problems of species diversity an~:eomryiµnity organiz:atiop that 
ave occupie(I many theoreti~al and empirical ecologists before and since. it wa.s wrifien, 

It conclu~es that taxa containing many di'l('ersified species wiH.'evolve' more· readily tt:an 
ndivef'Sified taxa, with limits imposed by brain siz:e and 'niche'. space; the evolutiol'l pf 
iological comrnunitfef> produces complex inter;relationstllps w~ict1 in,crease the stati:ility 
f the commuf'fity as, a whole.; and. thaJ smarte: organisms exhltlitgreater diversity th~n 

targ.e, ones, and thus the evolutionary pl'Ocesses are dJ.f!erent for smatJe~ organrsms, than 
or targe ones. Hutchinson further notes in dealing w,ith .human ~ctivifies, the stabirtty 
rovltled by diversity can be vali:.1able even to the most adaptable of all large animals. 
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Describes diving behavior of Pacific walrsus in Bristol Bay including foraging for bivalve 
molluscs in the region. 

~one 
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he report presents re~1Jlts uf tese:arch estrmatirig sUt:}sistence l;larvest of three. wildlife 
P,ecies bY resideo,tsof twelve.cpmmunities of ttle, no.rthem Alas.ka f>eni~sula (Nakn~k, 
outh Nakm~k, King;sarmon,Egegik, PrtotPoint, tlpastlik, Port Heiden! Ch1Q:f1ik, Chignik 

Lagoon, Chignif(.Lak~1 lvanofBay, amtPerryville)rn mid,-1995thr(lug~ .mid-1997. Data 
ere collected bytnterV!ewing resrctents'. Harve&t estimates ihclu~e~ 2173 caril:You 

mostly from the Northern, Al~skaPeninsulaHerd), 179 mo()se, and26brown ~eafs, 
Information is. provided on the timing ~mi sex of the: ha,rve$tS, aswe1.1 as harvest 
location~. :Comments summarizing Jesidentinterviews note a scarcity qt paribou 
ttributed. by hu,nters to cnang~s in migration patterns ~s welf as competition V'{ith 
~plocal. hunters for C'a.rlbou and mo()se, Mostinferviews indiC:ated.~ubsistence haniest 
eedswere met, \'(fith a few important exceptions. Broad harvest patterns are 
is.cussed .. The report coo:ctudes trraf ra:ge land mammal. res()Ur~es .. provide. S:Ob~tantial 
11antities of foQd to the repion's .. hoyseholds, an(:ladditiorrally su~port fundamental 
uttural values of tbe com111urlties examin~d. Simitar reports for previous years may be 
btait:led from the ~OPG yv:~bsite: 
ttp;//www.ac:ffg.state"ak.uslpubsfclept_publications.pf1p, 

he majority of world population of Stellar's eiders (a species listed as threatened under 
he US Endangered Species Act) migrates along the Bristol Bay coast of the Alaska 

Peninsula in the spring, and crosses the Bay. It is found in and near lagoons and 
hoals rich in benthic invertebrate prey. Maps of King eider flock distribution are 

presented in Figures 2 through 8. A list of other species observed during the surveys is 
included at the end of the document. 
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lthOt.lgh ·1M guide. focuses 'on mati~nal.parks. arourrd Snstol. Bav as opposed to ~reas 
tiich would be directly imP,a~ted bytlevetopmeni, it is some ofthe on,!y dataavailable 

egarding sheUfjsh beds forthEfregion .. Species. assemblages in Bri.stol Say presumably 
esemt>le .some of those described .frerein. 

None 
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he C:tllgr:tik. Rivetdrairts to the e~stcoastefthe AJask.~ PeninsMla. 'l:ne article 
ocuments 64 bird species in the drainage which expanded the documented 0range of 

None 

Results are i;>rovided forspeQi~c,conciuctance~ pH,wat~rtemperature, dissolved Yes 
xy-gen, afk!ifinity anti hardn~s~, nutrients,' major ions and. disso~wd solids, total and 
issolved trace elements; an~ ldw, lev~I m~rcury,. Saf!Jples ~e,re c,oUected from surface 
pd groundwater in the imf!Jediate vi~inityof it,le depGsit, as w,elkas the area pr()P?sed 
~the time for tfie road corridor and portJS"cility. GrotuJdw,ater is characteriz<:rdaround 
h~ d~pqsit by low dJssolved s?lids, nearneutral pH, "Sver~~etemperature of4;c, ~nd 
igh dissolved oxygen withJew exc:eptions. Surf<lCe water quality around the deposit 
enerally metwaterqualitY,' stam:tards foraquatip,.fifecriteriawith the exception .of 
luminu.m and alkawnity .. 1he only noted exceectance to ~ater quaHty. standards in 
rouncjwater ~long. the road corridor was the pH value fromtne .. Newhalen municipal well 
hich was o~er the criteria of pH 8.5 during both samplifig"events. Turbidity values also 
.xdeeded state ~ater quality sa(hples~ though.results we,re 11ot corisi:cle(~d r,eliable. 
luminum stanctards were exceeded iQ mo~t sites sampled, and the authors state si.te 
pecjfic aluminum criteria woultl be more appropriate for the area, Alk~Hnity standards 
ere e,xce~ded in ~early half ofthe.strEfams sample~ along0ttie road corridor, and 

metals were elevated at two sites. 

he report documents 9,993 caribou in 2004, ten brown bears, four moose, nine wolves, 
and one wolverine during transect surveys. Nine raptor species and common ravens 

ere recorded in the study area, five of which were confirmed nesting. Twenty-five 
pecies of waterbirds were observed, with ducks as the most abundant group. Forty-six 

bird species were documented, 13 of which are considered conservation priority 
pecies, and ten of which were documented nesting in the study area. Along the 

proposed road corridor, 44 brown bears, one black bear, 14 moose, one coyote, and 
ight river otters were recorded. Harbor seals were documented repeatedly in lniskin 

Bay of Lake lliamna. Swans, geese, loons, gulls, shorebirds, mergansers, and ducks 
ere observed along the proposed road corridor and in the proposed port area. 

Breeding birds dX>~urnented i1'hthe area incftided ti:itteo puffins, pig~cm guillfem~~· 
alagic cormorantS, horned puffins, glacous:-wirrged gulls, doubte:.cre~ted. corfr'lorants, 
nd. bald eagles: Researchers also recorded high densities of Harlequin ducks, which 

f>[evlously were proposed .for Hsting as a thre(;ltene~tend~ngered species. Maf!Jrnal~ 
e~orded consis,ted mah1ly .ofharbor seal.s. Marine hati:ftat was als0 evaluated using 
e'diment and infauna sampl.ing. 
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Describes places important to area residents and users, as well as critical habitat to key 
plant and animal resources identified through local ecological knowledge. The 
information was combined with state and federal agency data to create maps. Probable 
hreats to the watershed are identified as commercial development, community 
evelopment, recreational subdivisions, mining, roads, and global climate change. The 

plan outlines the following four strategic actions to address those threats: adequate flow 
reservations in the Nushagak River; vegetation maintenance to support fish, wildlife, 
and other species in the floodplain; maintenance of water quality standards for salmon 
and other fish; and to prevent habitat damage that could result from mining. 

~e ~uthors l:lSed:'.~ate:Hite transmitters tq document ~andf1ill crane summer a~d winter 
movem~nts. Seven tcansrnitters w~re deployed on Brist©I Bay cranes. Figures 1 and 2 
present mapped results ofmigration activity of aft cranes tagged ... 

his book is a preeminent text on Pacific salmon ecology. It reviews literature from 
hroughout the Pacific Rim, with several articles focusing on research conducted in 
laska's Bristol Bay. 
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Nolie 

he National Park Service Southwest Alaska Network (SWAN) Inventory and Monitoring 
Program report provides the most comprehensive data for the region. Although Lake 
Clark National Park and Preserve is not an area that would be directly impacted by 
proposed mineral development, many of the species inventoried in this report have 
ranges which may extend into the project area. 
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Highlights the risk factors to fish migration of culverts associated with road construction 

None 
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None 

None 

he Northern Alaska Peninsula (NAP) caribou herd is described as important to local 
ubsistence hunters for centuries and to guides and recreational hunters since the 

1950s. Its range is described as the Alaska Peninsula from Nakenek to Port Moller 
(Figure 1 ). It reached a peak population size of 20,000 during the early 1980s, but 

xperienced significant declines in the mid-1990s. This study was initiated to 
understand factors in that decline. 
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he:Studycliscwsses popufationstatus: hunting, n:ari'agementobj~ctives and field 
bse~atioRS for the m,ine arE:¥a itse,lt as w~U as for the pr()ject area'at large forthe 
oflowing species: caribou, ~tack becar, brow~ bear, moose, ~alves, f!Jrbe'arers, marine 
mammals, swans, otner v.,ratertowl, seabirds, eagles, and .specifi.c toreatened an~ 
pctang~red species (wtlich the report lfsts only as P:er:egrine falcons). ltsug~esUhat 

potentfal th~ats from.the project mayresuftn~t oply fromdevefc>pment itself, butafsoto· 
increased access to the area that the access· corridor woufd create. 

None 

~e: article indicates ttial sockeye sat.mo~ have the attffity to d.etect relatively small 
hanges in olfactory .!(Ues at a. very ~ne scale, and a strong tendency to. return to familiar 
ites, probal:>Iy usirrg such cues lixperimenta!Jy €1.isplaced salmon returned to their natal 
lte despite mw::h. higher likSHhood of:predation by beats. 
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he publication outlines the history of Lake Clark National Park and Preserve, as well as 
urrounding areas, from the prehistoric period through the 1980s. 

he documentdesc~bes. Bristol Bay .e's important. br~edif1.911abitat .for Paci~cwalrus 
anuary through March ... i"hei~ general ecology an,d)ptematic;snalmanagef11erit are 
ascribed. '.fhe report furt,ner indJcatesa private. i~terest in Alaska Jn ~e\relop.irrg the 
1shery potential of clamS, In Bristol Bay and exam,ines potential conflict bef.Ween svclian 
ndeavorwitti w~lr1:Js management. ,l\ut~ors indicate thiiit dis!Uf'.bance by.human 
ctivitjes ts.a major thre~t to .walrus habitat A conservation plan is proposed. 

Marbled murrelet is listed as a threatened species under the US Endangered Species 
ct. Its range is described as extending as far westward as Bristol Bay. The document 
etails federal actions taken regarding marbled murrelet management and protection. 
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h~ Afaska stock of Pacific.wa,lru~'is profiled iii ttils documeot. Its rang~ (Including 
f3risfol Bay) is described and ilfustr~te.d jn Figure . Jhe wortd population was fast 
sttmated .in 2006 at 129;000 anima.ls, .the towest population s~ze estimated forJhe 
pecles .. Conflicts between wa,1n:::1s rnanagemert an:d commercial fl.s,heries afe 
escribed, as welt as Sl!t>sistenee ~a111ests in the US and Rlls,sia. The USFWS 
eceived a petition i~ 2008 to list the Pacifi~ waltus Ynder the. U$. Endangered Specl~s 
ct. Thatpetitiop remains tirr,der cqnsideration .. Particularconcems fo Pacific wa,trus 
re described as: .oil and gas exploration, climate, change, and sut>l)istence harvest, 

Non-digital National Wetland Inventory map for the area surrounding the Pebble 
Deposit. The map was created utilizing 1978-1986, 1 :60,000-scale, color-infrared 
imagery collected as part of the Alaska High Altitude Photography Acquisition Program 
(AHAP). The data remains to be digitized, and due date for availability of digital data is 
unknown. Wetlands professionals indicate the map displays extraordinarily extensive 

etlands in the area. Codes to interpret the map may be obtained from: 
http://www.fws.gov/wetlands/_documents/gNSDl/WetlandsDeepwaterHabitatsClassificat 
ion.pdf. 

None 
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None 
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his study focuses on the Yukon-Kuskokwim Delta, but highlights potential conflicts 
between development and subsistence uses. 

n estima,t~d anriual av~rage(}f 37 ,sao birds was tat<en for subsistence use. i.n Bristel 
Bay betw'e~n 2001.and zoo~ (No survey was conducted in 2003)~. Ofthetotal harvest, 
1a·.too birds {~3°~)were awcks, and 7,soo birds (20%) were ·geese. Approximately 

;ZOO birds.{22o/o)were ptarr:nig.anand.3,600 (100/a) were spfti(!e grouse;. AA additional 
40. (2%).w~re.swans, 574.(2%) were.crarn~s, arrd.8&0 (2%)~ereotherbirds(Table2). 
umn,iary tables are .. present~~ by sP:eC;ies and re,ar. Previou~ versions of this report 

may be obtained from the USPWS website: http://library.fws.gov/Publicatiops,html. 

he Bristol Bay population constitutes an estimated 18% of the Pacific Flyway 
population, though this is one of few studies to examine their distribution, abundance, 
population structure, and productivity of swans in the area. 
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None 

Discusses the evolving perspective on the interconnectedness between salmon and 
ther anadromous fish species to other fish, whales, sea lions, and numerous terrestrial 

predators and scavengers, suggesting that the view that predators reduce fish 
availability for humans is both one-sided and overly limited. 

None 
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he document describes fecal coliform, other water quality parameters (standard field Yes 
parameters in addition to nutrients, alkalinity, hardness, and metals), and petroleum 
heen sampling and results in the lower Nushagak River. The objective was assess 
hether or not guide camps and/or villages affect bacterial counts, document present-
ay water quality conditions, and assess motor boat quantity/usage and petroleum 
heen presence on the lower Nushagak. Fecal coliform levels exceeded drinking water 
uality samples at three sites. Additional water quality parameters met almost all 
rinking water quality standards and chronic aquatic life criteria with rare exceptions for 
issolved oxygen at one site (super-saturation), pH (below 6.0), and dissolved iron at 

our sites (in exceedance of national secondary drinking water standards). No 
motorboat effects were observed. Overall water quality was found to be excellent 
uring the two sampling events conducted on the lower Nushagak River, and continued 
ampling was recommended. 

he docum~ntdescribes fecal coUtontt a!'ld other water quality parameters. (standard Y:es 
1eldparameters .in at:tditiofl to n,utrien , i:;tlkatinity, h.ardness, anti .metals) sa!Tlpliog aitd 
esults in the IQwer.Nl!shagak River .... objective ~as to build ~n samp\in~ started the 

previous year: and to assess sampling locati'?ns forsuitabiHty for fUture bio~sse~~ment 
tudies .•.. Fecal colif()rm levels consistently met drink:fng water ~uaUtysfaodards io2<J07: 
·adltional water ~u~Hty pa~meters met almost au drinkinQ. water quality sta~dards and 
hrcmic aquatic .Hfe criteria with ·tlne ex~eption tor disst>lved iron a,t one site (In 
xceedance of naffonal secondary drinking watecstandarGts). "Fwo sites wer19 0',faluatei::t 
or bioassess~.nt suitabirrtyand ctiat9msampli11gwas determined to t>e the.Best option 
or fUiure sampUng. OveraH. wat~r quality w~s found to. be excell~nt during the two 
ampling events conducted oh tile lower Nushagak River, and eontinued sampling was 
ecommendad. 
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Dahlheim_et_al_2000 harbor porpoise, Phocoena phocoena, abundance, Alaska 
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he Bristol Bay critical habitat areas (CHAs) are co-managed by the Alaska Department 
f Fish and Game (ADFG) in accordance with Alaska Statute 16.20.520-530, and the 
laska Department of Natural Resources (DNR) per AS 38.05. The purpose of the 

Bristol Bay Critical Habitat Areas Management Plan is to provide consistent, long-range 
uidance in managing the five CHAs. ADFG has undertaken this comprehensive 

planning process in order to establish guidelines, policies, and regulations for 
management of fish and wildlife, habitat, and current and future activities that affect them 
n the CHAs. This draft plan presents management goals for the CHAs and their 

resources, and identifies polices to be used in determining whether proposed activities 
are compatible with the protection of fish and wildlife, their habitats, and public use of the 
CHAs. The goals and policies of this plan are adopted as regulation. The plan does not 
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Fisherfe~ after tvtro years ofpublic. mee,tin,gs .and involvement by anglers, g4laes, lodge 
·wn~rs., :area residents, .and the aepal'tfl'.lent. ManagementpoUcies were a,dopte.d by the···· 
· oard to sustain quality wjtd stock raint>0w populations while proViding a variety ?f sport 

ppportunities throu,gh establfshment of s,pecial areas. Also, the new board ·.POiicies; 
for e<,ionornic deve.lopment white ac.k:nowtedglng the value of the rainbow trot.Ji 

1snery to the people of A'faska. 

his plan guides state land management by the Department of Natural Resources in the 
Nushagak and Mulchatna drainages and guides coastal consistency review. This plan: 
1) identifies goals, management intent, and public use sites for 25 management units in 
he planning area; 2) specifies management policies for long-term uses (uses that take 
place at one site on state land for longer than 14 consecutive days), including permanent 
and temporary facilities, trapping cabins, boat storage, airstrip development, docks, and 
ther uses, and specifies where these uses may be allowed and where they are 

prohibited; 3) includes guidelines that provide specific management direction for the 25 
management units and public use sites; and 4) includes implementation information and 
recommendations for future management of the planning area. This plan is consistent 

ith the goals and guidelines of the Bristol Bay Area Plan and the Bristol Bay Coastal 
Management Plan. 

In December 1991, Cominco AJa~ka ~~ploration (the former lease holder of the site noV!f 
aid by the Pebble Limited Pa,rt~ershipJ contracted the Alaska Oepartm~~nt of Fish Game 
ADFG>. .. Q1vision of Wildl!fe Conservation, to in,vestlgate W;ildHfe use anI.i harvest in the 
ropqsed P.ebblErCopper MineArea, northwest pf lliamna~ake, Alask~. ~his paperis a 
qmpilatiOf1 ofihforA1ationfrom: 1} recent moose and bear surveYS, conducted per the 
greement between the ADFG and Cominco Explqration;. 2}. b~ar, mo<,>s~. and f!Jmearers 

est~atafrom.1985186-·1990/91; 3} nistoric!erlat surveyobservations c:toc(;lrnenting 
use .of salmon streams; arid; 4 ). histpric trend area countS. for mQOSEt . Harve~t data 
the proposed min~ area was ta~en from the Uniform Coding Unit~ (U.CU) 1Nflich 

lude the drai~ag~s of Kaskanal\ Creek (OSb.:0203}~ TalarikQreeks. (09b~0302.), the 
ulitna River ar:rd Nikabui:ta hakes (09b',..0701,}, and the lowe,r Mulchatna Riv~r trornthe 
u~nce with the Koktuli ~1\ler to the confluence of tl'le Nush~gak River (17tFQ201} 
re 1). This repqtt sumr,nartzes the. r~sutts ~f tne investigatio~. It. does,not s~eculate 

n the possible impacts on bear, moose, an~ fum~arers ~f the pro.posed mine or 
lated .facilities, n<Jr does it 0ffer any mitigation options for the proposed 

evelppments: 
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he US Geological Survey and the National Park Service conducted a water-quality 
investigation of the Kijik River Basin in Lake Clark National Park and Preserve from June 

004 to March 2005. The Kijik River Basin was studied because it has a productive 
ockeye salmon run that is important to the larger Kvichak River watershed. Water­
uality, physical habitat, and biological characteristics were assessed. Water type 
hroughout the Kijik River Basin is calcium bicarbonate although Little Kijik River above 

Kijik Lake does have slightly higher concentrations of sulfate and chloride. Alkalinity 
oncentrations are generally less than 28 milligrams per liter, indicating a low buffering 
apacity of these waters. Lachbuna Lake traps much of the suspended sediment from 
he glacier streams in the headwaters of the basin as evidenced by low secchi-disc 
ransparency of 1 to 2 meters and low suspended sediment concentrations in the Kijik 

River downstream from the lake. Kijik Lake is fed by clearwater streams and has secchi­
isc readings ranging from 11 to 15 meters. Streambed sediments collected from four 
urface sites analyzed for trace elements indicated that arsenic concentrations at all 
ites were above proposed guidelines. However, arsenic concentrations are due to the 

local geology, not anthropogenic factors. Benthic macroinvertebrate qualitative multi­
habitat samples collected from two sites on the Little Kijik River and two sites on the 
main stem of the Kijik River indicated a total of 69 taxa present among the four sites. The 
lass lnsecta, made up the largest percentage of macroinvertebrates, totaling 70 percent 
f the families found. The insects were comprised of four orders; Diptera (flies and 

midges), Ephemeroptera (mayflies), Plecoptera (stoneflies ), and Trichoptera 
(caddisflies). One-hundred twenty-two species of periphytic algae were identified in 

ualitative multi-habitat samples collected at the four stream sites. Eight species of non­
motile, diatoms were collected from all four stream sites suggesting that the areas from 

hich they were collected are relatively stable and unaffected by sedimentation. 

Meanlel'lgth, mean, weight, percentage by ~ge crass, sample .site, and standard error 
erm statistic~ are presented by gear type tar samples of Arctic gra~ding "Fhymalluf> 
tctlcuscoflected over,:a 26..;~earperind {1:964 throt.fgh 19S9) from .waters ofSo~thwest 
lasl<a. Of the 1.0,298. records summarized i(1 tabular f<>rrn,.age .estrinates1based on 
cale samples, are available to~ appr~xirnately 7,043 records. This doc,umentis the 

most complete.and.Uniform summary of available size anCI age irtforrnationyet {o be 
ublished. for wltd Arctic grayHng stocks found in s0:uttwvest Alaska .. 

n angler effort survey was conducted on the Alagnak River from 10 June - 10 August, 
000. This was a collaborative effort between the Alaska Department of Fish and Game -

Division of Sport Fish (ADFG), the National Park Service (NPS), and the Bristol Bay 
Native Association (BBNA). ADFG provided detailed data collection instructions and 
echnical review of the project design. Several problems were encountered during the 
project and it was not completed as scheduled. However, the data collected indicated 
hat during the study year there was heavier use of the lower river than the upper river 

and peak use occurred during July. Rafts were most common in the upper river and 
ecreased in frequency with each downstream segment. Overall use was dominated by 
he salmon fishery in the tidal section. These data were subsequently used by ADFG to 

help design a more comprehensive Alagnak River Chinook and coho salmon creel 
urvey conducted during 2001 and 2002. 
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his. rep9rt detafts the inventory o~ mamm~ls in t:.:ake Clark Natiorra~.Parl5. and. Pres~rve 
(LACL) between, 7 and 3 t Jµly .2003 ~s part of •a .. cooperattve effort oHhe Beringian 

oevolution Project at the Mut)eurno,f Sauthwesterp .Biology, Univ~rsity of New Maxi.co 
nd the Inventory and Mqnitoring Prograrnof the National Par!( Servioe of Alaska. We 
egrn the .proqess ofdocurrenting the appro~imately <~6 species ofmammals thatocc:l;lr 

in tne Park, with a primary focus ® small mammals (Le:, shrews, voles, IEif!Imings, 
easels,porcupipe, squirrel5:, and trares}~ This surveyresulted in 856 primary 
pecimens comprising 17 species. Across. au focal/ties sampled, iwo shre\Afs (Soi&){ 

1Cir1el~'us,. S. montlcolusrand a murid rodent:,.(Clefhrionamys rutilus) werethe m~st 
equently captured .sp~cie~, c,o,mpri$ing over&5% of all marrmals sampled:Tt\e 
lsc0very of singing vole (Miotott;1s miurus) at Turquois~ Lake constitutes a n~w mamm81 
r the park and a major range extension for .the species. This inventory also provided 

he.first docum~n,tea record~ in LACL of.pygmy shrew (Sorex hoyv}, montaoe sf)rew 
Sorex mon,ticolus)~ tundra~hrew.(Sorex tundrensis), little .. Drown bat (Myotis 1ucifagJ1s), 
nd ermine (A!'Ustela eff11if1ea ). T~o tiny shrews ( Sorex yitk,onicus) con~c:ted a,t Turner 
ay ar,e only the second. record of thi~ rare spepies in the park and constitutes the latest 
ddi~Jons t~ the 37 ~pecimens pow known to :scie2oe. The find;iri~s from this'stt1dy, wn,en 
om,bine~ wfth specimen information gathered fi'om>a revrew nf holdings at the U,fliversity 
J ~asks, Museuman,d otnermajor eollections, bring the total.l"l:t:i(Rber of documented 
man rnammaLspeci~s .in L,A.0L. to .18. of 22 probable spe~ies, er 82% coverag~: The 
pecificproduots of ttils inventery .includeLa J~rge collection of w~U-prepared, .well 
o?umented, ~nd divef'Se pre,:>arations of mamrra1 specimens and assGJciateq materials .. 
tlssu~s, parasite,s,. fecal ~amples, dig~tive tracts) for taxonomic, z(}og~ographic, 
cologi~al, genetic, p~rasltological, epit:lemlological, and otherresearch and 

manegernent.Pt1rpg~~~' 

None 

None 

None 
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· ~his paper provides an estimate of ftie .economic vafu.e of wff~ salmon ecosystems. in the 
·major watershed. ofSristolB~y,Atasl(a, The, arrafysis ~tili:zes lYothregienal economio. and0 

ocial ben~fit-co~t accounting framewo(ks.Key sectors an.alyzed include subsistence, 
ornmercJal tfslifpg, sport fishif:lg, hunting; ~rfd nonco,nsumptive w£1dlffe vielJlting al'ld 

·sm. The mixed casn-$ul)sistence ecgnomY" ofSristol.Bay .supports a populati.on of 
1 {2000 census) that is 67peraentAlaska Nativ~. esurriateGt expenditures and net 

conomic value~ .for all sectors w~re t>ased on a literature review ct~d avallable da;ta, 
Ith the ex,ception that original data was c,ouected for 2005 9n the spof! fish/sector usi ·· 
ram:tom sample of licensed Alaska a11glers. MethGds include:rd use qt a regional inp 
utput.model maintained atthe Univ,ersity of Ajaska, and survey research.and contingent 
aluation methQ'ds .for theSP,ort fishermen: Potential .. respondents included 88B .resident . 
ngters and 1,514 nonresident angfers contacted thro~gh a maifllnternet approach: 
ddltionatlY, .300 licensed anglers, 330 clients of Bristol Bay fishing. lodges,. and.'48 roGtge 
wn,e:swe~e contacted through ar,nail survey. Res.poose rates ra:ng.ett fmm 25.6 percent 
or residentanglers to .44.1 percent for nonresidents. Estimated direct eXJ)endituresl$a,l~s 
ere $234.4 mfltionin.2:005forcammer9ialfishingand proce~slng, $61 milfion for sport 

ing1 $17.1 million forwilttllfe viewin,g, $7.2millioi1 for sues:istence~relat~d 
enditures, and $12:4mmion fQr ~p~rt huntinQ .. N(!3~rly 100 percent of the privateJiasic 
or in. Bristol Bayand. 5,540 fulhtime~quivalentjobs are su,P,P0116d t)ythls $324 · 

mitlionestimated·direct ecanomtc impacta$soeiated With wildsatmon.ecgsystem 
ervices .. 01rectrret e~onomic val~es are estimated at $104 million to $119 milflon per 
ear,·and are.primarityassociated with the subsistence sector. 

his report summarizes sport fisheries addressed in Bristol Bay proposals to the Alaska 
Board of Fisheries during 2009. Fisheries include Nushagak-Mulchatna Chinook salmon 
(king) Oncorhynchus tshawytscha, and Brooks River and American Creek rainbow trout 
0. mykiss. The sport fisheries are described, and estimates of sport effort, catch, and 
harvest, and escapement are provided. Overviews of management for each fishery are 
provided, such as pertinent sport fishing regulations and management plans, including 
he Nushagak-Mulchatna King Salmon Management Plan and the Southwest Alaska 
Rainbow Trout Management Plan. 

Ince 1980, the Division ofS.ubsisterioe of the ~laska Oepartmenfof flsh and Game has 
onducted res~aF<::h on ~ontemporary hm1tinQ.; fishing, and ~athering in Alaska .Native 

·· n<,:t ot~er rur~I Alaska communities~ Thi~ papen:::lescribe~ the division's research 
ogram and some the results of ftie ~ivisi°'n,'s studies .. Fir5t, there ls an overview of the 

t8,te and federal legislation w,hi~n provides a preference forsubsisten?e:uses in 
source management and atfocation decisions ... Next, the division's rese~rch methods 

di~cuS<sect, fottow~d bya. summaty of s9me oftherecent findings ~bt1utthe role of 
ister:me uses. in the mix~d subsrstence.:based eeonofl:ies of Alaskan villages. A 

escriptio~ ofa "tiaseline" study in the Central Yttp'ik Esl<imo village of Manokotak 
illustttatesthe kinds ()f information: which.the division has colleot~ti for.about·151. 
ornmunities. r~e paper atsoillusi,rates how, these data have been apl?tied in resource 

management decisions. In conclusioo,>the f)"aper specuJates · .abovt the fub:Jre of the 
rogram i~ light ot,courtdecisions "':hich rnayeltminate the legal protecfionswhioh have 
ertained.tl) .. stibsistence.uses.in.Ala$l<as!n:ce1.97'e.f .. 
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98: 189-195 Loons (Gavia spp.) were counted during the Alaska-Yukon Waterfowl Breeding 
Population Survey from 1971 to 1993 and the Arctic Coastal Plain Waterbird Breeding 
Population Survey from 1986 to 1993. Population indices for Alaska (not corrected for 
visibility bias) are presented by species for boreal forest, tundra, and both habitats 
ombined. Minimum mean population estimates (1977-1993) with 95% confidence 

intervals were 15,360 (±2,235) Red-throated Loons (G. stellata), 69,498 (±5,596) Pacific 
Loons (G. pacifica), 8,886 (±843) Common Loons (G. immer) and 2,636 (±614) Yellow­
billed Loons (G. adumsii). Populations of Pacific, Common and Yellow-billed Loons did 
not change significantly between 1977 and 1993, whereas Red-throated Loons declined 
by 53% to a 1993 level of 9,843 (±2,447) (T* = 0.65, P < 0.001). Factors affecting results 
rom aerial surveys are discussed. 

PPrt~nglers. reelin~ if"! salmon, ralibut, other. fish generated::.-t>oth. directly and 
indirectfy'.'~an estimated three percent ?f j . anti payroll in A'f8$ka in 1993. This i$ on~ of 
he fihdiogs Qf a study of the economics of$J)0~ tfshing that !SER did Jor the AlaS,ka 
Department of Fish .. and Gamet Sport fishing i~ enormo1,1sly pppular )llftth residents .and 
isltors .. The Dee.artniertof Fish and Game estima~s that nearly half a mttliof1 S:nglers ..• 

in Al~ska in .1997'., wit~ numbers of visiting. anglers ~ff~htly edQing Ata~kaA anglers. 
out ?f ten Al~ska hous.ehotds have at least one sport ~ogler. Nearly tlalf of 

hpuselJofds. r,ate hunting af)d fishing o,~portunities as important reaso?s w~y 
f::iey li~e where they do: The department contracted with ISl;R to do this study because 
he ~conomics of sport fishiirg in Alas~~ts an importa~t consideration fQr res£>,urce 
nianagersaUo:cating fish stocks, evalU,~ting ffstiery ~rotects, and .rnakingdecisions about 
and. arrd w.ater management rne ~nalysis is based largely: on intorrpation '.we ~oHected 
in surveys of sport anglers andgui(;le and charter bvsines,ses in 1993 ancl 199,.4 .. It's not 
ntirely clea~ how s.po:rt fishing. has changed si~ce 1993,.The O~partrnent offish af1d 
··a eportSthat tl"le oumbe[of (esic;lent licenses stayed roughly the sam~, while the 
u .. . . issueCI to nonresfd~nts grew,aba~t25 percent. .But at the same firne, th~ 
apartment.also repo~ that mttasures .of fishing pressure..:angler-days fished artd 
~~bers of fishing trips-~~ave not changea st.JbstalitlaUy since 1993: ... There ·is. some 
vidence that the gr?wlrig. number of visiting antllers may be mostly ca,sual •angie,rs,wlio 
1sh one~ .. or twice while ttiey're i~ Alaska. Numbers of sp()rt ctr operating in 
outftcentral and Southeast Alaska Increased sliarply in the 1 . .. , and many custornera 
f those ch~rt~rs are tourists Wh? ow single-day ficense,s,. SQ the overall economic 
ontribUtion<Of sport fishing may not:have changed $UbstantiaUy Since out SUf\tey. f n :any 
as~i i:rattemsof sport fis.hing-..:whatpeop!e .. buy for sport fishing and.how they .travel to 

. port fishing loc(;!tions, for !n~tance.-..:cton't change ttuickly. We belie,ve th~.brqad picture 
f the economics of spprtfishing.in A.las~a. th~t we presenthere. is vatld. BelO)llf we first 

be how :We assesseci the ~conomics ·of sport fishing; then profile resfdent~nd 
sport anglers, and conclude with our estimates of the economic value of sport 

1shing and Its contribution to the economy. 
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0 he freshwater streams of the Bristol Bay drainages support important subsistence and 
ommercial salmon fisheries and internationally-famous sport fisheries for both resident 
pecies and salmon. Northern Dynasty Mines, Inc. (NDM) has proposed to mine a 

metallic sulfide deposit at the headwaters of some of these streams. The project, 
referred to as Pebble Mine, will have a preliminary lifespan of 40 to 50 years, or even 
longer. Applications filed by NDM in 2006 indicate that the proposed project will leave 
permanent landscape features affecting some thirty square miles, including two tailings 
ponds that will house billions of tons of mine tailings which will include toxic materials. 

he project will also include a 104-mile access road, with a slurry line and a water line 
hat will directly affect at least 12.5 square miles and a power transmission line. The 
006 applications help identify potential impacts on the fish habitat and fisheries. 

Categories of these potential impacts of Pebble Mine on fish habitat and fishery 
resources include: direct, indirect, and cumulative effects. Direct impacts will result from 
he approximately 30 square mile footprint of the mine, processing plant, and tailings 
ponds; more than 60 lineal miles of mainstem streams--plus the adjacent tributaries and 

etlands--that will be totally or partially dewatered; the 12.5 square miles or 8,000 acres 
f disturbance from the access road; port facilities; and, power production and power 
upply lines. Siltation caused by road-building activities will smother fish food organisms 

and incubating eggs and alevins. Direct effects associated with the road also include 
ragmentation of aquatic, riparian, and terrestrial habitats. Indirect impacts will include 
increased pressure on, and competition for, fish and wildlife resources, because of the 
increased access to the area and increased population. Cumulative impacts will include 
long-term, multi-year losses of fish production and stream productivity. Over time, 
bridges and culverts in the access road can deteriorate and interfere with juvenile or 
adult fish migration between important habitats. Dust and silt from the road during the life 
f the project or leakage from the slurry line may smother fish food organisms and 

incubating fish eggs and could wash downstream to affect spawning and rearing habitat 
in lliamna Lake. In addition, the weight of the roadbed and traffic can be expected to 
ompact the soil and alter the movement of groundwater which could disrupt beach 
pawning by sockeye salmon in lliamna Lake. Although the access road and other 
upport roads will be constructed for the proposed Pebble Mine, they will also provide 

access to the area by other residential, commercial, and recreational users. The human 
population and activities can be expected to increase, and off road, all terrain vehicle use 

ill expand into areas not previously accessible. The impact will extend much beyond 
he footprint of the road itself. Any real or perceived impact from the proposed Pebble . . . . . . . . 

1977; the :Alask~ Oepartment~f Fish and .~liun~ ba~ conducted an annual mail 
ey to estim~te sportfishing particip~!ion and Harvests (fish kept} by 
kanfisherles, ar~as,'regions •. and species .. Since·1990~·~atches ... d'clams 

pllJs ~sh released} have atso,>been estiryTated . .Oetalled findings are j!}resente~ 
r 200l I~ ~001, a!l .. estimated 432,129 anglers fished 2.261,S,41. days and .kept 
,07a, 100of the 6, 775, 7~6 fish and ~lams;:caught. The 3,2.16,432 fi~h harv~~t~d in 4002 
cl!ided788,6&5 razor clams Siliquapatula arrd<00,304. s.mett arrd capel!n Q~meridae. 
tth~reniaining2,331;4i3:tiarve~t~dfisll, t,523;338(65.3%) ... were anadromous (sea-
n) saJmon Oncothyncfrus! 3f>0,809 (15.1%)wE:!re P:acific·n,au~ut Hippogtossus 

tem:rlepis, 120,398 (5:2%)~ete rockfish sebastes,) 1. 7,{)63 (5:0%)w~re rainbow trout 
O: mykiss, 60,:~94 {2.6%) were Dolly Varden ... Salvelinus rru~lma and Arctic ctlar 
Salvelinus alpinus, 37,910 {1::EWo) were, Arctic .Qrayling rhymaflus.arcticvs, a~d 38;4Q8 
1~7%) were lar}d.lockecfs91mon. (()hin()ok salm<!Jn,cqho.safm(>n Q'. .. klsut~h~ .. and. kol<anee 

·a ... nerkaJ~ 
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22-251 

None 

None 

he most comprehensive "insiders" guide on Alaska fishing, revised, updated, and 
xpanded in this new deluxe, full color 3rd edition. Written by the state's top fishing 
xperts, this latest version now covers all 17 major Alaska sport species (fresh and salt 
aters), all methods (fly, spin, and bait), and all six regions of the state, with details on 
ver 300 of the most productive Alaska fishing locations. Includes information on 

regional climate/conditions, run timing, visitor service costs, trophy and record fishes, 
USGS map references, guides' tips, fishing regulations, etc. Bonus back section with 

laska trip planner, flies for Alaska, knots, fish filleting, and a comprehensive cross­
referenced index. Has over 500 color photos, maps, charts, diagrams, and drawings. 
Beautifully illustrated, Alaska Fishing Ill offers a visual feast of this scenic wonderland, 

ith content that not only thoroughly informs, but also captures the imagination and heart 
f the reader. 
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half-fentury ~ft~r.mine. closure"··mefalcon,tam,ination from sulfide ore.'!1,inirig in the 
ea<;lwaters c,ontinues to im,pait r/partan, vegetation and aquatic macr:oinv~rtebrates .along 
oda s,uue.oreek, YeU~wst()ne National Park. A t~fl!ngs ctamfatrure,il'l.1950 emplaced 

metal-rich sediment at tiigb flood-plain levels, above,50 Y( to, 100 yr ~tood stages in 199~ 
n~ 1997."ftlese·largenatural fto~ds removet:.t;only a smaH {'art e>tthe,cont~minated 
ediment ttlmu~h bank erosion; tfie~ al~o failed to lowerin-channelGu concentrations, 
eeause incre~sed ~rosion 'ff mine waste during high flows bafances Increased if}puts of 
ncontaininated sediments, .Qener~ting no net change i.n concentration,s: ~eomorphic 
r?~eS's~s ?Ontrolfi~g move~nl of contaminated sedtments •indicate that min,e ·impa~ts 
ill persis,t Jor centuries in Sada Butte Greek and impty tong-las~ng .. impacts tn similar:ly 
ffected streams worldwide. 

Methodology (IFIM) will be included in this series in the near future. The IFIM section will 
include a discussion of Suitability Index (SI) curves, as are used in IFIM and a discussion 
f SI curves available for the IFIM analysis of coho salmon habitat. 

Data CQOtaiMd in fhjs report represent the D.ivfsion's mostrecent .~fforts to upgrade and . 
pda,te fishery statistics. useful in ttescribirrg Southwestem 'Alaska;s sport fisheries. [lata 
pntained in.this documeAt:Were,·extracted fromStatewic:te Plarve~t Summaries, ~urvey 
ndlnventpry R~ports, and the Fishery Data and ManuscriptSeries. We consider this 
eport to ~e the most compre~ensive Jrrformation source canceming ~ffort an<:f ~arvest 
ta1istics for the maj9rSol:lth\l'lfestern. Alaska sport fisheries. Fishenes data in this.report 
upersede information .in previous reports and .are intended for inter<:tepartmental use 
nly. 

his Draft Environmental Baseline Progress Report provides a description of the work 
onducted for the Northern Dynasty Mines Inc. (NDM) 2004 baseline environmental 

program. This Pebble Project progress report presents the characterization of the 
xisting conditions related to environmental and social conditions of the project area and 
heir incorporation into the project design and operation. This draft report is presented for 

agency and stakeholder review and comment, to ensure the approach followed and 
results obtained provides a comprehensive and thorough baseline environmental 
haracterization of the Pebble Project. 

stock asses~ment offainb'~w trout Gndorhynrifius myki~s was .c6naucted during· sprirrg 
nd,Jall2004 on.the l'azimin~ River in resµpnse to rep . ···y user groups o~decreefsed 
uundance. arr,d reduced fish size. Prom.22 April to 28 ay 2004 a mark-recapture 
xperimenttoestima~.abuQdanceresultea in an estimate of.950 (SE ==213) rainbow 

rout in river qf which 16% (SE :;. 2.3%}were sexually mature. Sfimple(j fish ranged from 
1•61 to e:r2 mm, PL with a mean.lengttt of 307 mm (SE = .4.10). 5etween t9:.arrci 27 

g~st 20.04 Cf>Ueand fe11gth distribution were estirnat6d f()r .comparisonwitti past 
esE1arch conduct~d during tJ:te same ttm~ frame. Pti;ur hundfe,ttfoorteen (414) .raJnbow 
ro{Jt were captur~d wit,h a CPUE of 3.23 fainbow.trout per npur; L;ength ctistrtbu~on 
nged ff0'!1, 82 fo 518 mm with a '!1,ean of 285 mm(S,E = 4.15). CPUE ~uring 200l!-was 
ignertbl;ln pr~vjPIJs.Y~a~} l'.l9wi?v~r,(h~PrnP~rtic;Jn.~Uish .. ov~rSQQ mm ft,, w~slow~r, 

EPA-7609-0000586-1485 



Special Issue 14: e studied natality in the Northern Alaska Peninsula (NAP) and Southern Alaska 
161-166 Peninsula (SAP) caribou (Ranger tarandus granti) herds during 1996-1999, and mortality 

and weights of calves during 1998 and 1999. Natality was lower in the NAP than the 
SAP primarily because most 3 year-old females did not produce calves in the NAP. 
Patterns of calf mortality in the NAP and SAP differed from those in Interior Alaska 
primarily because neonatal (i.e., during the first 2 weeks of life) mortality was relatively 
low, but mortality continued to be signficant through August in both herds, and aggregate 
annual mortality was extreme (86%) in the NAP. Predators probably killed more 
neonatal calves in the SAP, primarily because a wolf den (Canis lupus) was located on 
he calving area. Despite the relatively high density of brown bears (Ursus arctos) and 

bald eagles (Haliaeetus leucocephalus), these predators killed surprisingly few calves. 
Golden eagles (Aquila chrysaetos) were uncommon on the Alaska Peninsula. At least 2 
alves apparently died from pneumonia in the range of the NAP but none were 
uspected to have died from the same disease in the range of the SAP. Heavy 
cavenging by bald eagles complicated determining cause of death of calves in both the 

NAP and SAP. 

fl None 
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43 he up.per reaches ~f the Kvichak Rivet system e,itend into J.~ke Ctark.Natiorial Park 
r:id Pres~~e,. This sysfem is the world's most .productive spawning and ·rearing hab.itat 

or s0ckeye sal.mon. It cQntrtbutes ab9ut 50 ~ercent ofsockeye salmot,l caugtlt in Bristol 
ay, 33 per~ent of the entire eaten in the United States, arid 16>percent of fhe !otal woi:fd 
~tch. Wildlife aboonos in and. near ttiepark and preserve .... 'fhe Mulchatna caribou 
era. numberlrr9. nearly 400,()00 .and safd to be. the moststaj:)le and healthiest .. herd. in 
laska,grazes and calves al~ng the westemboundary of the park and preserve. eau 
heep ~nd m~se forage the area, and. brown. and ~l~ck bear' wolves, lynx, fox;es, and 
ther mammals are present. Fish include five species of salmon, ~afnbow trput, OoHy 
aren, lake trout, northern e, and P.rctic.grayling .. '9n tne Cook. Inlet stcJe of th.e park. 
nd preserve, svqa(ls an~ ... , waterfowl nest on marshesarrd.outwash plains and roc:ky 
lifts in and adjfic:Emt to the park provide rookeries for puffir:is, cormorants, kittiwakes, 
nd·<?tfter.seapirds. S~als arr.c:twhales m,ay beseeooc:Qassiona!ly offshore,. The>park 
Qd preserv,e contains sig~ificantculturatresour.oes since the area has been occupied 

Js1rice prehistoric times, Dena'ina Indians. lived.at Kijik on l~ke C,Ian(until the e~rly 
. 900s, wtt~~ they meved to Nom:taiton and other sites:. Other preh.istoric sites are 
ocated Q.ear l:.:ake T'elquana and along the upper M1:.dchat~a Riv~r. Russi~n ex;plorers, 

r traders, and missionaries f:>egant:aversingthe reQio,n ln the.1790s. The ~almon 
dl{stry began aitracting·white settlers in the early 1:900s:. WhfJe most of the early 

ettlers around ~ake Clark were trappers .an~ miners, rec~nt·yffars have seen the 
ment ofan economy trased .on subsistence fifestytes, commercial fishing, a'nd 

:eation activities. 

his report summarizes the results of a preliminary investigation of caribou use of the 
proposed Pebble Copper mine site, northwest of lliamna Lake, Alaska between April 
1992 and December 1993. The Mulchatna Caribou Herd (MCH) has been expanding in 
range and number for the past decade and it is estimated to contain at least 82,000 
animals. Seasonal ranges of the MCH include the proposed Pebble Copper mine site 
and associated road corridors near lliamna Lake. Some caribou remain in the vicinity of 
he proposed mine throughout the year, not migrating north and west with the rest of the 
herd in the spring and summer. In recent years, most of the MCH shifted its winter 
range to concentrate on areas west from lliamna Lake. Calving areas for the MCH are in 
he vicinity of the upper Mulchatna River and near the headwaters of the Koktuli River. 
he Koktuli River calving area is immediately adjacent to the proposed mine site. Up to 

18% of the caribou harvested from the MCH are reportedly taken from areas near the 
proposed mine. The area offers hunters relatively good access and caribou are 
available throughout the hunting season. 
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Ataska.Nationallriterestlan(is Conseixatton Act (ANILCA; PL {Put>lic lt!lw] 96.,. 
} 0098'0 manda}e rural Alaskans be giv-en Priority use of fish a.nd wildlife ~n 

oeral f:>Ublic lands fo .·· . ·stence purposes. This ~oncept conflicts .with ttle Alaska 
onstitµtion, Whic.h guarantees equal access to resour~eslq all users. The resu,Jti(lg 
ontHctspawned.a:dual state/f~deral manag.ement system and cc>,nsiderable contr0versy. 

In soutbwec5tem Alaska, this dilemma ls exacel'bated by the !Squally dominant cu~turespf 
indrg~nous Yup'lk f:.skimos and more recent immigranl$.fr~m western cultures. Alth,ough 

ildlife conservation is an important goal of.°'oth cultures, managemeritphi{osoph,ies 
nd practices are qis~imilar and sometimes contradictory. This is es:pecialJy true for 
rown bears (Urs,u,s arctos}, .which hold. animj;),ortant.place in Yup'ik ~ultl!re and are 

.. ighty prfzea by tro,:>h~ hunters. In 1'991 ~m;t1992, brown be~r subsistencehµn,ting 
e~sons were significantly Uq~ran~ed irrsouthWest A:taska .. Jn recognition oMfle potential 
anger of this liberalization, toe state '<iind federal regul~tory boa:(ds con~urreFttly 

tated a research program Jo deter111ine bear density and har~estat>Je~s1Jrplus tn a 
sentative portion oMhe area. We. began th~ investigation in. 199~, but hav~ been 

ed by conflicts between Yup'ij<.and.vvestem beli~fs,· Neverth,e,less,wehave 
import,ant insights inte dynamics of the bea: pppulation and attained a better 

pprecration/for Yup'ik traditions .. Ou~ nulLhypothes.is was:tnat bear density could 
tlistan1tt incre~sed harve~t ·pressure associated with liberalized. hunting seasons'. We 
ptured 60 bears a~ti r~diotracked 30 adultfemales :fclr 3-4 yrs each,: Our data suggest 
smble~~population Vl(ith a row reproductive rate. A,lthm:rg~ we were unable to setermine 

opulati0n density, preJ!min,ary estimates suggest it is comparable to other areas in 
interior and northwestern P\Jaska, 
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4 Recent declines in the number of sockeye salmon returning to Lake Clark caused 
conomic hardship in the region and raised resource concerns among local subsistence 

users and Federal managers. This final report describes findings from a two year study 
ith two primary objectives: 1) to identify sockeye salmon spawning areas using radio 

elemetry, and 2) to describe genetic variation within and divergence among spawning 
populations. Radio Telemetry Research: A lack of information regarding spawning 
habitat distribution in Lake Clark instigated this study. To determine spawning 

istributions, 332 adult sockeye salmon were radio tagged as they entered Lake Clark in 
000 and 2001. Fish were relocated every 5-10 days by boat, plane, or remote solar 

powered receiver. On average, a radio tagged fish was relocated 12.7 times (range, 3 -
33) and over 3,500 relocations were made. Thirty-five spawning areas were identified, 
including three sites downstream of the tagging area and five sites identified by visual 
bservation or seining. Eighteen areas were newly identified. Most Lake Clark sockeye 
almon spawn in the Tlikakila River, Kijik watershed and along beaches of Lake Clark 

and Little Lake Clark. Spawning habitat locations were mapped into the Geographic 
Information System for Lake Clark National Park and Preserve. Surprisingly, over 60% of 
radio tagged salmon spawned in turbid glacial waters; most of which were adjacent to an 
bvious clear water source. About 75% of identified spawning habitats are adjacent to 

privately owned lands, many slated for development. Proactive measures should be 
aken to conserve these habitats. Genetics Research: Prior to this study genetic 
information was lacking for Lake Clark originating sockeye salmon populations. 
Molecular genetic markers provide managers with more precise tools with which to 
identify and manage fish populations. Small clips of fin tissue (non-lethal) were obtained 
rom 1,442 sockeye salmon representing 13 Lake Clark and 2 northeastern Lake lliamna 
pawning populations in 2000 and 2001. Allele frequencies differed significantly across 

11 microsatellite loci in 94 of 105 pair-wise population comparisons. Pairwise estimates 
f FsT ranged from 0 to 0.089. There is significant genetic divergence between 

populations of Lake Clark and Sixmile Lake, the latter being more similar to fish of Lake 
lliamna. The reduced numbers of alleles and strong divergence of most Lake Clark 
populations relative to Lake lliamna/Sixmile Lake populations suggest a bottleneck or 
period of low population abundance, resulting in reduced genetic diversity. The greatest 
bottleneck effect detected and the most genetically distinct population was found in 
Sucker Bay Lake. Possible causes of these bottlenecks include reductions in effective 
population size associated with recent poor returns or colonization of new spawning 
habitats. Samples shared with the Alaska Department of Fish and Game for a Bristol . . . . 
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5. his report describe~ fincHngs ftQma ~ockeye salmon OncC::whynohus1tetkaradio 
elemetcy and spawning fiabitat study conducted in the Lake. Clark watershed in 2QOO 
nd 20,()1. The pr,imacy objectives ot:thls research were 1) to locate ar,rd map au m,ajor 

·· pavmlng G{g~reg:ations. 2) to. determine basic~haracteristics of ~payv:ning habitats, a:nd 3) 
. o determfnethe disfrit>uti~n of private land uses and. suttsistence/sporthsetocations in 
~lation to salmon spawning habitats. Thirty~flve spawning areas were identified. 

Eightee!" areas werenewlyidentifte't;L fV1015tbakeClart< s~keye salmon.spawn in tne 
fikakH:a River,; ~ijikwatershedand ~long beaphes of Lake Cfark and Little Lake Clark. 
urprisingfy: over 60°,~ of radio tag.ge:(I salmon spawned in.turbid glacial w8:tars; 
owever, the timlnq .of spawning (lCtivity in turbid ~abitats coincided with a (:J.ramatic 
ecre~se in the conc~ntratlon 'Of suspended sed1ment and turbidity; Water ~uality 

parameters were. all wJtflin acceptable range for t:esnwater aguatic Ufe. • Sabsistelice 
1s.hJng for ntigratif)g spckeye salmon occur~<tbroughout lake .Clark. near seasonal and 
· ear:-round re~idences: Resident~ of Nontlalt?nharv,est red fls~. fsp~wning s:c>cl<aye 
almon) from, spawning areas. SP,ort harvest o~curs aHfle o,utlet of laK,e Glark, the outlet 
f Taoalian River, and with.in the Kijiklake.Glrainage. Sµbsistence and sport, fishers 

rently harvest less th~m one Rercent:of .the take.Clark escape~ent; :About 'fS% of 
t~d spawning habita~ are adjacent to privately owned lands.,. many slated for 

evelppmant Proactive measures shoutd be taken to conserve tflese hal)itats, 

Nona 

None 
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he brown bear management report for northern Bristol Bay is on pages 175 - 186. 
Brown bears are described as common throughout the area, and particularly abundant 
along salmon spawning areas in the Nushagak, Mulchatna, Togiak, and Kulukak 

rainages as well as throughout the Wood River/Tikchik Lakes. Hunting in the region 
has increased since the mid 1990s, and pressure is highest along the Nushagak River 
and Mulchatna River drainages and in the mountains surrounding the Wood 
River/Tikchik Lakes. Nonresidents account for the majority of brown bear harvest. 
Human activities in villages in the area frequently attract brown bears including open 
landfills, residential garbage, dog food, and fish-drying racks. Habitat in the region is 
escribed as virtually unaltered and in excellent condition. The report indicates 

proposed development of the Pebble copper and gold mine has the possibility of 
affecting bear habitat, though the degree of affect is unknown. Harvest data for the 
region are presented at the end of the report. Similar documents produced in previous 
ears may be obtained from the ADFG website: 

http://www.adfg .state .ak.us/pubs/dept_publications. php. 

he. caribou r,nanagementre~otts .Tor Bri~tol Bay (Mulctlatna caribop n,erd)antl the .. 
ortoer:i. At.aska Penins\lla (Northern Afaska Pen!n~ula caribou herd)ar:e on pages 14· 

. 2. TheY, describe.the<h!storical abunda,nce Q'fbotf\ IJerds.base? on ottservatio11s a,nd 
erial surveys. TheMulchatria .herd prof>ably peake,d if1 abundance in 1996 a,t !Zoo,aao 
rtimals .. 'fhe 2006 estimate was 45,oooanimals. Rangeincr~ased and·cf)ahgedaft.er 
erd size peaked from the north and·~estside oflliamna.Laketothe Ji<uskokwimRiver 
orwint~ring .. Calving ar~as have changed as well; fro~ the upper reach~~ of the ··· 
Mulchatna ~iver ~nd the B()rran;za f!ill~ to the MQsquito River arrd Harris Creek 
rainages north. of KoUganek. A possible reason .fDr the chal1ging range ls ~n 
xceeda~ce of carrying capacity if1 former winte~.ng areas, and extenslvr.e trampflng .. and 
rating in summer areas. Population size .and harvest st:atistios are listed for .both 
erds. ·The Northern Alaska ~eninsutacariboµ herd(NPAGH) is currentty·rndecHne1 of 
oncem io.ADFG .. Population ~ount~ rang~d frem 15,oaoto 19,000. Theherd winters 
etween theNaknek and Alagnak Rivers. The NF'.f$\OH has been des,ignated a 

popµlation important for titgh levels of human cortsumption. Hunting has been lirnite<fin 
eoent years due to concerns over decre~singpopulation numbe.rs. Simi!ardoc:t1ments 

produced Jn previous years ma,ybe C>,btalne,d from tbe.AOFG webSite: 
ttp:l/www .. ac,ifg;state.ak,ustpubslClept_.publications.php. 

he purpose of the study was to obtain current estimates of the economic contribution 
f sportfishing activities to the Alaska economy and develop a consistent method for 

producing such estimates on a regular basis. Sportfishing is important to Alaska's 
conomy and culture. The vast majority of sportfishing takes place in the Southcentral 

region of Alaska, which includes Bristol Bay. $989 million were spent in 2007 in the 
Southcentral region, 11,535 jobs were supported by the industry, and $91 million were 
enerated in state and local taxes. Expenditures are analyzed. About half of 
portfishers are Alaska residents, and the remaining half travel from out of state. 

map CJepictinb water bodies in the USGS Na~nek quadrangle in which, anadtomous 
ish presence tias been dooumen,ted (presence indicated by .bold. blue). Updat6d 
erscions of this m,ap may .be. ob~ained from: . .. .. . % 

· ttp~11w.ww.sf.aa.fg;~ate.ak:,1;1sl~A\;:~RlAWCtinQex.cfmlFNmaps.maPs. 
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he black bear management report for Bristol Bay may be found on pages 199-207 of 
his report. Little is known about black bears in the region, though the greatest densities 

are suspected to occur in the upper Mulchatna and Nushagak rivers along the 
Chichitnok River. Nonresidents account for the majority of reported black bear harvest. 
Black bear habitat in the region is described as virtually unaltered and in excellent 
ondition. Harvest statistics are listed at the end of the report. Similar documents 

produced in previous years may be obtained from the ADFG website: 
http://www.adfg .state .ak.us/pubs/dept_publications. php. 

he moose mana9,ement report for the S,ristpl Say regiot} n1ay befotmd o:n pages 246,,-
68. It desclib~s m<'Yos~ as relatively new inhabitants to the reg.ion, with increasing 

atio.ns during the last .three decades. It indicates nioose ar~ commoh along t,ne 
gak/Mutchatna rivers and all of their niaj9r triputaries as well as. the WoO'd-: TikctiJk 

hakes area. Poptllafion tre11as have been increasing draniatic~lty in re~ent yttan~ despite 
incre~s~d. predation bywolve5,. and b~ars. ai;td .higher harvest levels. Harvest statistl~s 
re llste~ at the end of ~he report. Similar documents produced in previous years may 
e obtained trom th~:A.OFG website: 
ttp:ilwww.acffg :state.ak,u&lpubslc:tept_pubUcations.php. 

map depicting water bodies in the USGS Dillingham quadrangle in which anadromous 
ish presence has been documented (presence indicated by bold blue). Updated 

versions of this map may be obtained from: 
http://www.sf.adfg.state.ak.us/SARR/AWC/index.cfm/FA/maps.maps. 

map depictilJg water b()dies in the. Usss Uiamna quadrangle in w,hich anadromoJJs 
1shpresence has been documented{pr~sence .indicated by b()ld.blue}, U!Jd.ated 
ersiqns of this.map may be, obtained from: 
ttp:llwww..stadfg:state;ak,uslSARRIAWC7iMex~oJmtFA/maps.maps. 

map depicting water bodies in the USGS Lake Clark quadrangle in which anadromous 
ish presence has been documented (presence indicated by bold blue). Updated 

versions of this map may be obtained from: 
http://www.sf.adfg .state .a k. us/SARR/ AWC/index.cfm/F A/maps. maps. 

table ":'ith sport fish h~life~t. in sputhcenttaf .4.Iasf(a (inclui'.:ling ensto,I Bay} l!sf~d by 
p~clesJorsalmon, resftlent fis~,as w~tl as, smelt,halibut, sh~rk, rockfish,lingcod, 

Pacific cod, razo:r clams, and othe( fi!h. May be obtained from the ADF<3 website: 
ttp:llwww:sf.ad:fg:state.~Kus/Statewide/FishingS.urvevlindex,cfm?FA=reg!on:r~sutts. 

his document includes 40 maps outlining land designations and habitat areas in Bristol 
Bay for marine invertebrate gathering, waterfowl trapping, salmon, freshwater fish, 
marine mammals, caribou, geese, shorebirds, gulls and terns, eagles, Stellar's eiders, 
brown bears, and swans for each community. 
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his~ocument descri~s lure restrictions forraintlow trout.am'.!. Usts patch-iJM:-'.relea~ 
nd ttY.fishing only areas in Southwest Alaska. It inclt.1des a map detaiHng fishing 
esfrtctions: 

None 

he report cpnctl.ld~s tt:latbrownbeaf'Sextensrvelyuse)h~ sa!monstrearns of,the ~re'a, 
nd that the hills a~<JOnd. tt}e ore body are used as sorn~ of the only d~nning habitat 
long the northwest side of IHamna Lake, Harvest data lndic(:lte .. that h~nters use the 
rea around the, proposed mii:e to hunt bears. Moose surveys indicate low densities in 

he. vicinit~ of the. ~ropos,ed · mine1 although ha~st data indi~ate sub~tantial moose 
unting effor:t .. Traf.)pirrg data indicate, that the area around the proposed mine is 

particularly pop~larfor beaver, lynx, otter,.wolf, and wolverine harvest, 

Yes 
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his report is one of very few that provide baseline habitat data in the Bristol Bay Yes 
rainage area. Kijik Lake is outside of the area that would be directly impacted by 

mineral development, though the spawning salmon populations migrate through the 
project area to reach spawning beds in Kijik lake. 

N"one 

he Alagnak River in the Kvichak drainage is generally accessed by floatplanes from 
King Salmon or area lodges. This report documents the number of anglers in both 
boats and rafts on four reaches of the river from June through August. Angling was 
most common in the lower river, with as many as 110 anglers per day. 
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he Natio:na:f Part< Sel'Vice ~outh~est ,l\faskaf'letwor,k (SWAN) Inventory and Monitoril'.lg 
Progran:i report'provide the most compr~hensive .small m~mmal data for the r,e~ion: 
he area ~Y be dir6,cil~ impacted !n 11le future as state mrneral claims extend into tfle 
hulitna. River watersl"l&d which drains to L:ake (>lark, .. Many f)f the species inventoried 

in this re,:>ort l:rava.ranges which may extern:! into the area; 

Describes the water source for Ekwok as primarily individual wells. Fish and wildlife Yes 
ubsistence activities are crucial to the livelihood of residents as most residents are not 

interested in participating in a cash economy. A handful of residents fish commercially, 
and the village corporation owns a fishing lodge. Location, climate, history, culture, 
emographics, facilities, other utilities, schools, health care, economy, transportation, 
rganizations with local offices, and regional organizations are also described. May be 
btained from DCRA website: http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Oescnbestne watetsource for lgiugigas theKvictfak Riverd,ue'to inadequate Yes 
rouridwater supplies, Should mining commence; the risk of cir:inking wate,r 
ontaminatiQn.of thel<vichak.River e>tists. ·Residents d~pend on the commercial 
(flmonfishery .a~w,etl as fish and Wiidiife subsistence. actMties. "Froph~ rainb:owt;out 
ttractsport fi5:her:men to tile area, and seven commercial ldQges,operat~ in l:g.iugig, 
el'Vinfi!. spqrt fis(lermen and hunters. Location, climate, history, culture, demogrS'pn,ics, 
acilities, · otner utilities.,. sch<l~ls, he:altti care, economy, t:S'nsportation, organizatic:ms. with 
loc,at offices, and regional organizations• are 'also descr:ibect May be obtained from 
DORA website:. . http:fl\IVwW .comrne:rce.sfate.8:k.Us/<::lcatcomrndb/QIS:cfrn. 

Describes water sources for lliamna as individual wells. Commercial fishing, sport Yes 
ishing and tourism are listed as major sources of income for the community. 

Subsistence hunting and fishing is also an important source of livelihood for the 
ommunity. Also describes location, climate, history, culture, demographics, facilities, 

utilities, schools, health care, economy, transportation, organizations with local offices, 
and regional organizations. May be obtained from DCRA website: 
http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 
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Oescri~eswater sources for King safmon as prtn)arily shallow Individual wefls, .and a Yes 
mall commu,nity wen for.FAA housing .. Commercial. fi~hing rs impQrtant to .. the King 
atmon Economy; asistounsm:gi!en its proxin:tty.toKatmai Na,tionalPark and 

Preserve. Sportfishing isafso.poputar in the ~rei:L Location,, climate, nistory, culture, 
emagraphics,.facilitles, other otffities; schpols,health care, eco(lomy,.transpprtation, 
rganizations with loc~Joffices, and.regional organizati~ns are also descri~ed. Maybe 
btained from DCRA. website: littp:l/www :commerce.state.J:tk;us/dcatco:mmttbtCIS.cfm. 

Describes water sources for Newhalen as treated water derived from a community well. Yes 
Commercial fishing and sport fishing for trophy rainbow trout provide economic 

pportunities in Newhalen. Residents also depend on fish and wildlife to support their 
ubsistence lifestyle. Also describes location, climate, history, culture, demographics, 
acilities, utilities, schools, health care, economy, transportation, organizations with local 
ffices, and regional organizations. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 

Pe$cribes water sources for, Pedro !Say as imff\t,idualwelfs or surface vvater from IHamna Yes 
Lake. En:ployn:~ntconsists largelY, ~f commercial fist:iing and to4Hsm service~. 

ubslstence:hunting aRdJfshingis also anJmportant so1Jrce of. livelihood. ·Also 
.. ascribe$ to~ation, climate, history, cultL1re, demographi~s. facilities, utilities, schoors, 
~alth care,. eco~omy, . . rJatio~, organizations wittl focal offices.,. and regional 
rganizatrons .. May be obta ed from OCRAwebsite: 
ttp:llwww.commerce.state.ak.L.1s/dca/commdb/CIS.cfm. 

Describes water sources for Port Alsworth as individual wells or hauled water from Yes 
nearby surface water sources. The economic base of Port Alsworth relies on lodges 
and outfitters/guides for summer recreation, as well as limited commercial fishing. Also 
escribes location, climate, history, culture, demographics, facilities, utilities, schools, 

health care, economy, transportation, organizations with local offices, and regional 
rganizations. May be obtained from DCRA website: 

http://www.commerce.state.ak.us/dca/commdb/CIS.cfm. 
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None 

Similar documents produced in previous years may be obtained from the ADFG 
ebsite: http://www.adfg .state.ak. us/pubs/dept_publications. php. 

,h~ report inctudes a man of ar~as used b)f M~not<otal<hunters to tiarvesfrnoose and 
m~rine m,ammals, and documents edible weigf!t of subsistenc~ f0r Mam>kotak. and 
Dillingham at~ooe and 715pound~? respectively:. Mean tiousehpld harvest is 
ocume~ted for 19 B,ri~tol Say communitiesfor salmon, other fis~, marine lm1e~ebrates 
butt~r and ~zor clams), land riammals, marinepiammals, furbearers; birds anti eg.gs, 
nd plants. Response/to growing hunting pressure by recreational hunters is discussed. 
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Population for Bristol Bay loons are as follows: 1,998 (±520) red-throated loons (G. 
stellata), 1,275 (±281) Pacific loons (G. pacifica), and 920 (±289) common loons (G. 
·mmer). Relative abundance of loons among production areas in Alaska are presented 
in Figure 2, and population trends from 1972 through 1992 are presented in Figure 3. 

outhwestAlaska afltf the:Arctic~YukGn~~uskokWim Delta are considerEfGI. togeth~r for 
h~ purposes of this report, wnietl provides a profile of sport angl~rs, the edonomic 
igl)i:fieance of sport fishing, and fue net. economic;; ~alue to the state. It lists Bristol 

Bay's Naknek River as Alaska's .9th most popular sport .fishing site. 
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None 

port fishiogpa~icrpatron ... rs broken out by.regionsintabtesat 1~e en(i·ofthe report 
Bristol Bay is included l.n. southcentral Alaska for the purposes. ofthis report. 
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his catalog is a numerically-ordered list of the water bodies in the Southwest Region of 
laska with documented use by anadromous fish. An associated Atlas to the Catalog of 
ater Important for Spawning shows cartographically the location, name and number of 

ach water body, the anadromous fish species documented using them, and the fish life 
history phases for which the water bodies were documented being used by salmon. 

ater bodies documented receive statutory protection under sections of AS 16.05.871, 
hich requires persons or governmental agencies to submit plans and specifications to 
DFG and receive written approval in the form of a Fish Habitat Permit prior to the 

proposed use, construction or activities that would take place in specified water bodies. 
he report is updated annually based on nominations received by ADFG. Previous 
opies of the catalog can be obtained from ADFG: 

http://www.sf.adfg .state .a k. us/SARR/ AWC/index.cfm/F A/main .overview. 

her~port presents results of research estinia~ing subsistence harvest of three wfldlffe 
pecies by resfc;fents:of fW:elve communities ofthe north~rn j\lask~ Peni~sula (Naknek, 
· outh Naknek, Kin(l Salm,on, Egegik, Pilot Point: Ugashik, Pa~H~iden, Chignik'; Chignik 
Lanoon,~hi~nik h.ake,lvanofl3ay,:ana Perryville).in mid_.19,95 through rpld:-:;1997. Data 
erecolle~ted by interviewing residents.·····~arvestestimates inclu~ed: 2173.caribdu 

mostly from the Nqrthem Alaska Peninsula He\tt), 1 is mot)'se. and 26 brownt>ears. 
lnformafi.on is proyided on the tirnrng and sex of toe. harve,sts, as well as, hanlest 
loc~tions .. · Comrn,ents summarizing resid~nt, interviews note .. a scarcity of caribou 
ttributed by hunters to ch.ang~s in· migrationpatter11s as well as comp~Utlon with 
on local hunters for ca.ribou and: mo05e. Mostinten.i:iews indicated suttsist~nce harvest 
eed~ were met, with a few important exceptions. Broad .flarvest patterns are 
iscussea .... The report concludes .that large land mammal resources provide substantial 

··· .uantities of food .to th.e regton's.households, ·and additionaHy support, fundamental 
ultura.lvalues ofthecommu!"ftfes exarnined .. SimHarreports for previous years maybe 
btained from theADFG wetisite.: 

····· ttp21twww:adfg.state.aluJsfpubSl'c:lept_;publications.php, 

he chapter discusses landscape, climate, fishing conditions, access, services, costs, 
as well as fishing highlights for the southwest region. It describes fishing location, 
access, facilities, highlights, and main species for the following southwest Alaska 

aterbodies: Lake lliamna, Kvichak River, Newhalen River, Talarik Creek, Copper 
River (in the eastern Lake lliamna drainage), Gibralter River, Lake Clark, Tazimina 
River, Naknek Lake and River, Brooks River, Alagnak River system, American Creek, 
Coville-Grosvenor Lakes, Lower Nushagak River, Upper Nushagak, Mulchatna River, 
Chilikradotna River, Koktuli River, Stuyahok River, Nuyakuk River, Wood-Tikchik Lakes, 

ikchik River, Kulukak River, Togiak River system, Becharof Lake system, Ugahsik 
Lakes system, Ugashik Bay streams, Chignik River, Meshik River, Alaska Peninsula 
teelhead streams, and Dutch Harbor/Unalaska. Maps are included. 
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None. 

he report concludes for the first time that Bristol Bay and Alaska have an extremely 
valuable resource in freshwater fish stocks. It indicates that there are suitable 
ommercial stocks of at least Arctic char (6,553 pounds harvested) and whitefish 

(17,328) in lliamna Lake Freshwater fish harvest in 1964 yielded $5,645. 

tie report de$cribes recre~tion~~l fistiing~arvest from 1977JflrGugh 1~7' for southwest 
lask,a incluqing tne Kvfchak and Nushag~k Rivers, tt1e .former at which is described as 

lie wor,ltt's la~gest producer of sockeye salfl10n an~ the 1a,tter is described as the 
r8atest producer Qf Chinook, churn, cohoarn;I pink salmon in Bris,Qf Bay: Smelt 
omin:ate the recreatiQnal ffarv~st, Hke,IY as a c~~ult of their ~bundan~e~ whfle sockeye, 

··• hinook, ~nd co.hosalmon are"themostfrequently harvested species~ Dofly 
<arden,,c~ar, rainbow trout, and arctic grayling are taken to a les~er e~nt And 1:a1<e 
r,out, clfufl11 salmon, Nortt)ern. pike, whitefish, and bur~ot are harvested at relatively loW 
tevels .. TM vaflle of the region's recreational fisnery \llfaS estimated at $50 mitllon for 
1988 .. :r:{le i:epoit:also discuss~s ongoing an,tt compteteresearcharld management 
tudies .. forthe r~gion. Manageme~t, anglereffoil:, rec,reationa! harve$t, .and outlO'oks 
re documented for dria:inages ih soutnwes:t Alaska forChinook, ~oho, sockeye, .. rainbow 
rout, "and otner species. Simflar area management reports for southwest Alaska for 
previous year~ ca!1 be found at the AOFG Sport Fish website: 
ttp:ttwww:adfg.state:ak,us/pubs/dept;.pubtications:PhP. 

None 

he study congludes that t~e rainbowtrout pppufation ma:y be tef:>oundfflg .frQm 
~presses levels, and indicat~ ttie,populationis.relatively protected due to catch-ar:id­

.elease re.gulatlonsror sport fishers.and theHmitation l'afsubSistence fishers to rod-and­
eet fishing only. It S!Jggests avem.1es tot further study. 
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he Northern Alaska Peninsula (NAP) caribou herd is described as important to local 
ubsistence hunters for centuries and to guides and recreational hunters since the 

1950s. Its range is described as the Alaska Peninsula from Nakenek to Port Moller 
(Figure 1 ). It reached a peak population size of 20,000 during the early 1980s, but 

xperienced significant declines in the mid-1990s. This study was initiated to 
understand factors in that decline. 

ttisrepor{ presents the results ?fa detail'ed assessment .contracted· by the A,Jas:t<a 
l)Efpartment of Fish and Game to mea$ure the economic c()ntribution that sporttishing 
made to the, state of Al!iska and its regienateconc;>mtes in 2007. The most angler 
pending irrthe. state occurr~d in tne Soutfiqentral regto11Jnclu(iting Bristol8ay~at72%. 

In 2007~ 475,534 resident and nonresident Ucer:sed anglers, fished. 2~? million days in 
taska and spent nearly $1A btllioq()n .licenses ~nd>stamp~, trip:retatei::l expe~ditures, 

pre.:purchased packages,and equipmeritand.reaf. estate usecl. for fishing. f.he $1.4 
illron. of angter spendln,g in Alasl?a resu,ltect IA econo,mic activitylhat supF!orted 15,879 

':Obs in :P,la~ka, provid6'd $545 miHion of income, am:! resu,lted in $123 million in 
. tafelloC?l<tax revenues. Nonresid er sp~nding in Alaska iri 2QO/ .\ec()~omio 
impact/ was $653'mi1Hon, and this su . . .• ,~d 9,437 jobs an,~ $67 mil'i()n .in ~tatetl:ocal 
ax: revenues. Total expenditures ongurdei:l sportfis?inQ activities in 20t>7to~led $416 
million, whi~h resulted in, $641 milli<:mintotal e(tonom,ic.actMtyand:~pportec:I 7',183 
'obs. ~65,identangle,rs spent an ~verage .Qf $150 per day of s,portfisning activity on trip· 
elated expenses in 20:97, Whl(e ~onre,sfrj~ntanglers spentanaverage Of$448 perday 
in Alaska on trip-related expenses in 2007. 

his report summarizes information regarding the subsistence use of sockeye salmon 
and other freshwater fish gathered for a project funded by the US Fish and Wildlife 
Service, Fisheries Information Services. This project to document traditional ecological 
knowledge (TEK) was undertaken by the Nondalton Tribal Council in partnership with 
Lake Clark National Park and Preserve. The information is based on interviews of 

ighteen Nondalton residents regarding their current and past use of sockeye salmon 
and other freshwater fish for subsistence. It includes data regarding fishing practices, 
eographic locations and Dena'ina place names of traditional fishing areas; changes in 

relative abundance of sockeye salmon and other freshwater fish used for subsistence, 
and observations of change in the environment. The report does not analyze or 
interpret responses, but presents information in the words of residents interviewed. 
Results are presented for sockeye salmon, rainbow trout, Dolly Varden, whitefish, Arctic 
rayling, northern pike, eulochon (candlefish), suckers, and lake trout. 
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he puDHcation outHf!&sthe hist~rybf l.::ake Clark National Patk and Preserve, aswefl as 
urrout'fding areas, from. the prehistoric period throu~h .the 1980s .. 

None 
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his study focuses on the Y'uko:n-fi<.tiskokwim Oefta, tiut highlights potential conflicts 
·· etween development and• subsistence uses. 

EPA-7609-0000586-1504 



None 

EPA-7609-0000586-1505 



None 

he document describes fecal coliform, other water quality parameters (standard field Yes 
parameters in addition to nutrients, alkalinity, hardness, and metals), and petroleum 
heen sampling and results in the lower Nushagak River. The objective was assess 
hether or not guide camps and/or villages affect bacterial counts, document present-
ay water quality conditions, and assess motor boat quantity/usage and petroleum 
heen presence on the lower Nushagak. Fecal coliform levels exceeded drinking water 
uality samples at three sites. Additional water quality parameters met almost all 
rinking water quality standards and chronic aquatic life criteria with rare exceptions for 
issolved oxygen at one site (super-saturation), pH (below 6.0), and dissolved iron at 

our sites (in exceedance of national secondary drinking water standards). No 
motorboat effects were observed. Overall water quality was found to be excellent 
uring the two sampling events conducted on the lower Nushagak River, and continued 
ampling was recommended. 

he docum~ntdescribes fecal coUtontt a!'ld other water quality parameters. (standard Y:es 
1eldparameters .in at:tditiofl to n,utrien , i:;tlkatinity, h.ardness, anti .meti:;tls) sa!Tlpliog aitd 
esults in the IQwer.Nl!shagak River .... objective ~as to build ~n samp\in~ started the 

previous year: and to assess sampling locati'?ns forsuitabiHty for fUture bio~sse~~ment 
tudies .•.. Fecal colif()rm levels consistently met drink:fng water ~uaUtysfaodards io2<J07: 
·adltional water ~u~Hty pa~meters met almost au drinkinQ. water.quality sra~dards and 
hrcmic aquatic .Hfe criteria with ·tlne ex~eption tor disst>lved iron a,t one site (In 
xceedance of naffonal secondary drinking watecstandarGts). "Fwo sites wer19 0',faluatei::t 
or bioassess~.nt suitabirrtyand ctiat9msampli11gwas determined to t>e the·oest option 
or fUiure sampUng. OveraH. wat~r quality w~s found to. be excell~nt during the two 
ampling events conducted oh tile lower Nushagak River, and eontinued sampling was 
ecommend&d. 
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DFG_2008b.pdf 

DFG_2009a.pdf 

DFG _2009c. pdf 

DFG_2010b (folder 
ontaining 41 pdfs 

including 40 habitat 
maps) 
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DF't:s;..201ae.pdf •. 

NDR_1990.pdf 

Boudreau_et_ai_ 1992 
.pdf 
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Brabets_Ourso_2006. 
pdf 

oggins_ 19'92:pdf rcttc grayling., Thyrhallus arcticus; Bristol Bay, age! teogth, weight 

Collins_Dye_2005.pdfBristol Bay, Alaska Peninsula, Kodiak, Bristol Bay area, 
Naknek/Kvichak district, Alagnak River, salmon, trout, adult, harvest 
monitoring, angler effort index 
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oblt .. MacDonald_.ZO;Mamrn<;tls,· smalln1ammals, inventory, museum speelmens, Alaska, 
4.pdf quthwest Al~sKa Network, Lake ClarkNatlonaJ Park and .Preserve, 

ACL,SWAN 

DCRA_2010d.pdf 

DCRA_2010e:pdf 

DCRA_201 Of. pdf 
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DCRA_20101.pdf 

DCRA..-2010n,pdf 

DCRA_201 Oo.pdf 
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Ouffield_et_:.a.1_2007'..ty 
f 

Dye_Schwanke_2009 Bristol Bay Sport Fish Management Area, Alaska Board of Fisheries, 
.pdf management plan, Alagnak River, Nushagak River, Mulchatna River, 

Chinook Salmon, Oncorhynchus tshawytscha, king salmon, Kvichak 
River, sockeye salmon, Oncorhynchus nerka, rainbow trout, 
Oncorhynchus mykiss 

Patt.::.:.1990:pdf 
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Groves_et_al_ 1996.p aerial surveys, Alaska breeding, distribution, Gavia, Gaviidae, loons, 
f population trends, populations 

Harey ... et_aL.1999 (a 
older containin~rtne 
f:>cecutive Summary, 

II chapters, and 
ppendices .of the. 
eport) 
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Hauser_2007.pdf 

enoiogs_,,et...:saL2006, 
pdf 

fj;fska, sp<>r{; fish, fisheries, C"atcn,, harvest, 80Qler, ang:ler•days, 
, satmon7trout, c~ar, Arctic grayling, northelTI pil<e, Wh,it~fish, 
smelt,·. Pacific hatibut, rocktls,h, lingcoc;t, ra:?or cl.ams. ¥\laska 

.. tatewide Harvest Survey, Statewide .Harvest survey, SWPIS 
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ohnson_Blanche_20 
10.pdf 

Krie~L .. et.:..al-'1998.pdf 

his book chapter is 
not currently included 

ith the bilbliography 
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Marcl.:ls,2.et_al..::.20Cl1.p 4viaI~ ftb.od pfatns, rtiining; sedinients,Yellnwstone. Park, 
f onta:minants, poltution 

Metsker_1967.pdf 

Minarct.,..et~aL 1sea.p 
f 

NDM_2005a.pdf 

·· chwa,nke.:._Evaqs __.zo · azimina River, rainb~w trot.Jt; Oin;;orhyncf111~ mykiss, subS.i~terl¢e, 
5.pdf mart<,.~ecapture, estimatro11 ~f abunc:l~mce, sexual ",1aturi'tY 

ompcrsition, length composition, catch per uri.it effort, Arctic grayliog, 
Thyma/lt:Js arctlcus ·· 
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Sellers_et_al_2001.p qui/a chrysaetos, bald eagle, Canis lupus, coyote, golden eagle, 
f rizzly bear, Haliaeetus /eucocephalus, pneumonia, predation, 

o~thwiek.,,.AsS"ociate 
~ZOOQ.pdf 

Stickman_et_al_2003 
.pdf 

Rangifer tarandus granti, Ursus arctos, wolf 
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his document is riot 
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al1::...Dae1e .... et~al_2G laska, Alaska, National Interest Lan~$, Co!lservatiop Act,ANILCA~ 
1:pdf ·ears, bfown bear,cro,ss.:01.1,ltural, Eskimo, grizz[y, J<us.kokwfm, 

u8~i~tence, Ursus arr;;ta~, Yup'ik 

EPA-7609-0000586-1536 



Woody_et_al_2003.p 
df 

Bristol Bay, genetic bottlenecks, Kvichak River, Lake Clark National 
Park and Preserve, microsatellites, Oncorhynchus nerka, 
radiotelemetry, sockeye salmon, salmon spawning habitat, salmon 
genetics, subsistence 
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ender_.2007:ptlf 
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This document is a draft and indicates it should not be cited. 
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he Late Cretaceous (90 Ma) Pebble Cu-Au-Mo porphyry deposit is located within the 
outhern Kahiltna terrane, which is comprised of the Chilikadrotna Greenstone and the 

Koksetna River sequence. Near the Pebble deposit, the Chilikadrotna Greenstone 
marks the northwest border of the southern Kahiltna terrane, and the Koksetna River 
lysch sequence is the host for mineralization at Pebble. Throughout the world, porphyry 
eposits are found in clusters associated with multiple intrusive events, typically, if not 

always, subduction-related, thereby suggesting the southern Kahiltna terrane is 
potentially favourable for other porphyry occurrences. Our integration of multiple 
eoscientific data layers has revealed that the world-class Pebble deposit may similarly 

be accompanied by additional porphyry-style mineralization elsewhere in the southern 
Kahiltna terrane. Delineation of watersheds, derived from processing of digital elevation 
ata, provided an effective framework for predicting favourable areas for mineralization. 

Beyond analysis of individual data layers of geochemistry, geology, geophysics, and 
remote sensing, geographic information systems (GIS) applications facilitated an 
. . . . 

he proposed P~b~le Project, by North.em ()yrra~ty r!Jines, Inc, {ND~)'and Arrg.fo 
m,erican pie" is a low grade coppe~~gofd7m,olybtt~ru.m, sulfide d~posit in SW Alaska. The 
e,Po!it oo,tcrops on the surface·. (Pebble West, PW), requiring open pitrl}ining methods, 
nd extends under oori-or6, bearing rocks (Pebble E:a~t, PEJ,r~quir:ing und~rground 
lock cavtng. The depositsits on a dr~imigediviG!e, IN(itt)tf\e Upper Talarlk (UT) River 
raining e~st and south, and the. North Fork (NFK} .and South .Fork (SFK) .. Koktu.fi rivers 
raining west .and southwe~t, respecfi'li'~'lY: Mining of the. ore :cteeosit wou,td res~lt in an 

·pen pitam;lupderground mine at theheaqwaters onhe SFK,and UTwaters:heds.Th.e 
min~ ~aste,(tailings,ariC! waste roqk} Vl(Ould be.stored in.two Tailings Storage FacmtieS' 
oeated in the SFK arrd. f'i!FI< ~atershed.S: The PW open. pit is projected to tl~ve ~ pit 
ake. Pit water can. beim,pacted by the rock remaining in the pitwatls,.especiafly that 

rial expose'd ·i:ty fraafurirrg ·and rubbilizat!on oue to rni.11ing. If the water in the pit is of 
oor ~~atity from de~ompositioh of sulfide minerals., and the hyarology facilitates flow, 
ow,p gradient to ground and surface lA/aters, tl1ere oouldbe long terrnirnpacts to water 
ff the rninesite. $ubsidencewitl.lrketyoc~urtlue to bl~ck c~vingatF'.E. Supsjclence at 
e S{.lrface allows .. water U!). enter.the underground m,ine fr:o,rnabove and. contact broken 

that, wilt remain und(frground. The .rock in the remaining unr::tergroµf}d workings in 
he deposit wiH be rnineralized .. This could lead ~o decornpositlon'ofsulfide m,inerals and 
cid mine .drainage. If a flow path exisls frornth~ rnln~ workin!Js to ground.and surtac;e 

ters down gradient from the>mine, migration of contamination off tbe. mine ~ite would 
e a lpng term, issue, Tailings darns will .be buUtto containwaste~ severalwitfl h?ights 
ver .700 f;eet. ;railil)QS darns m,ust stand i~ perpitoity. A large earthquake might cause 

e of a tailings ~am. Acatastrophic release of a large amountof tamngs could leacrto 
ng term, en:vrronniental damage with h4ge clef1:nUp costs. The proba6ilityof ~uch fatlure 

is low~.b't.it.th,e consequences are very.hi§h ... A 104-rnile industrtalr<>a(j.wfll ccmnect the 
ine and the portsi!es, with a.concentrate pipe(ine parallel to.the roa(i. The pip~lin~ wilt 

e englne,ered with J~ak detection ~ysterns. and shutoff valv~s, though material betv?een 
shutoff valve and abreakccan still leak from a nJptured pipeline. C?nc,entrat~s are 

rnQ'l(ed via conveyor onto a ship idr transport to a smelter. Concentrate spills durtng ship 
ading has been an. is§>ue in. the pa~fY<ith sirnila( loading facilities in, Alaska. FinaHy, 
Ines mu.~t be 'designed for closure.' Whil~ Alaska. re,ctarnatlonlaw requires. adequate 

ats~rety for closure be.provided to the bom;lholdin9 agency, regut9tory agencies 
a history of undere~timatt,ng cfosure <iosts for metal mines. Mine cl~sure typically 
tens ro hum:freds of r,ntrnoos of dollars, a• si~nificaof"Jtability w the:reguJatory 

ncy, and by association to the taxpayer. Regutatory agenqies in .. AiasKa.mlw a~ept 
~ •, "' 
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212 Ecological risk assessment (ERA) has become an essential tool for determining impacts 
~o biological receptors as a result of contamination from metal mining facilities 
(Brumbaugh et al. 1994, Canfield et al. 1994, Ingersoll et al. 1994, Kemble et al. 1994, 
Pascoe and OalSoglio 1994, Pascoe et al. 1994, Linkov et al. 2002). The United States 
Environmental Protection Agency (EPA) Risk Assessment Forum developed the 
Framework for Metals Risk Assessment (2007a), which is a science-based document 
~hat addresses the special attributes and behaviors of metals and metal compounds to 
be considered when assessing their human health and ecological risks. To date, efforts 
have been designed to address the impacts or risks posed by metals contamination 
~ubsequent to mining operations. Few, if any, ERAs have been directed at pre-mining 
impacts. Smith (2007) provided strategies to predict metal mobility at mining sites 
~hrough evaluation of source characterization, geoenvironmental models, geoavailability, 
and metals speciation; controlling physicochemical attributes (e.g., solubility, pH, 
~orption) in aqueous environments are discussed relative to their potential to alter metals 
bioavailability. The relevance of historical information on metals contamination 
associated with other mine sites, along with the potential for acid mine drainage (AMO) 
and metals release and exposure, based on review of the baseline data and 
~eochemical characteristics at a site, have been used to develop both quantitative and 
~ualitative predictions of risk. The present ERA is designed to analyze and portray the 
potential risks to globally significant salmon resources of the Nushagak-Mulchatna, and 
Kvichak river drainages (proximal headwater areas) as a result of large-scale mining and 
associated facilities. These risks include both physical destruction and alteration of 
~almon habitat, in addition to probable effects from changes to water chemistry and 
~ther supporting habitat as a result of AMO and the influx of metals within the aquatic 
~cosystem from various sources. Although the ERA generally presents impacts to 
~almon from loss of food resources such as benthic invertebrates, it does not focus on 
~pecific effects to these fauna. Similarly, although risks to non-anadromous fish within 
potentially affected stream segments may be similar to salmon, these taxa are not 
addressed individually within the ERA. 
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In the sumf1,ler of 2007, the U.S •. Ge?logi?af survey (USGS) tjegaq ari exploratrqn 
hemical research sbidy over the Pebble porptlyry copper-gold-,mo,tyd:e.num (Cu~~u­
deposit in ~outhwestAl~ska:. The Peql:>le q~posltis.extremely .. large amrls almc>st 
ely co.nceate:d'by tundra, gtacial deposits, and post.,cretace{lus volcanic and 

iclastic rocks:• The deposit rs presently bejr,ig explored by Northern ~yrrasty 
Minerals, Ltct,'and Anglo~.American 1.:$1;C •. The USGS unClertakes unbia$~d, broad-scale 
mineral res?urce asse~sments ofgovemmentl~nds.to pro'Vida Congress aRct citizens 

it!l·information on·nr:itional mJneral endowment. Rese:arch on known deposits rs.also 
one to repne and better c°'nstrain met,hods an~ deposit mode ts for: th:~ mineral resource 
sses~ments. The Pebble deposit was ch()sen for thi~ study because it is ~onceal~d by 
urficiat c0verrocks,. if is relatively undist1:.1med (except for expl?ration epmpanyQrifl 
oles), it is . .a farge mineral system, and it is ta.irly wen constrained ~t. depth by the drm 
ale ge~togyand geochemistry. The g~als ofthe aSGcS study are (1)tbdetermine 
hether tbe conceal~d dep()sit .can be detected with surface s,a,mples, {2} to better 
nderstand t~e processes of metal m!gration from th~deP,osit to the s~rface, and (3) to 
est and develop methods for a~sessing .. mine,ral resources in similar concea.led terrains. 
his report presents analytical resurts for geoctiemicaf 5ample~ collected i1'12007 from 

ebble deposit and surroundfnQ .. ~nvrrons, The.analytical data are pre~en~d~igitatly 
as>an tntegn:ited Microsoft 2003 l\ccess ®database am:f as .. Micrflsoft 2003:® Excel 

. The Pebble deposit is l~eated in southwestern Af~ska onstate iai:Clsabout 30 km 
18 m~) northwes,t (,)fthe village of IHlamna and 320 k,m (2QO mi) $outhwestofAnctiorage 
fig .. ~}. Elevatid~s in the Peb?le area range from 287 m (tWOft) at F. Pan.L:ake just 
outt\ ~f the d~ppsitto.1146.m(3760 ft) on K~skanak Motintain about . km {5 mi) ftYthe 
est The deposit isJn°an area of r,elatively subdu~d.tc>p Mc relief with an elevation 
f around aop m {1000lt}.This p.ortion qfAlaskais part ·.... . . arctic regime 

mounti;1.ins division, Yukon. intermontane piateau.s-tayga·m~adf;)w province ecore:gio:n, as 
efinect t.>y Bailey~(U,S. Forest ~er'Viee, <4')07); 

he present report presents analytical results for geochemical samples collected in 2008 
rom the Pebble deposit and surrounding areas. The analytical data are presented 
igitally both as an integrated Microsoft 2003 Access® database and as Microsoft 2003 

Excel® files. During two 2008 sampling periods, July 07-20 and September 20-24, 
USGS scientists collected soil, water, bedload stream sediment, bedload pond sediment, 
pond-sediment core, heavy-mineral concentrate, and till samples from the deposit area 

ith the aid of helicopter support because the site currently lacks transportation 
infrastructure that allows ease of access. The sampling was undertaken during relatively 
ry and stable weather conditions. Only minor scattered rain showers occurred during 
he sampling periods, so surface conditions were largely unaffected by weather. The 

predominant sample media collected were soils, pond bedload sediments, and surface 
aters. This report contains the analytical results for the soil, water, stream and pond 

bedload sediment, and pond-sediment core samples. 
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3 he map area was impacted by Pleistocene-age glaciers derived from two principal 
ources. Glacier ice flowed southwestward down the Lake Clark structural trough, then 
plit into separate ice tongues that penetrated the map area from the north and 

northeast. A second major ice body probably overflowed westward from Cook Inlet, filling 
lliamna Lake basin and expanding into southern parts of the map area. At various times, 
hese glaciers blocked each of the major drainages in the map area, creating ice­
ammed lakes. These former lakes are indicated by broad expanses of unusually 
mooth, poorly drained, and gently sloping terrain that terminate abruptly upslope at 
onsistent altitudes and are commonly bordered by wave- cut notches and by beach and 
eltaic deposits. At least four episodes of glaciation are recognized in the map area. The 
ldest is marked by ice-abraded uplands with thin patches of drift and by a conspicuous 

moraine in the southwestern corner of the map area. The younger three glacial 
advances correspond to the three oldest stades of the Brooks Lake glaciation, which 
Detterman and Reed (1973) equate with the late Wisconsin glacial substage of the North 

merican glacial succession. This interval is dated at about 26,000 to 10,000 
radiocarbon years before present (14C yr BP) elsewhere on the Alaska Peninsula 
(Stilwell and Kaufman, 1996) and in the upper Cook Inlet region (Reger and Pinney, 
1997). During each of the two oldest stades, termed Kvichak and lliamna by Detter- man 
and Reed (1973), glaciers filled the Lake Clark trough and coalesced with the much 
larger glacial lobe that filled the basin of lliamna Lake. Glaciers entered the map area 
rom both north and south at those times. During the subsequent Newhalen stade, 
laciers extended only short distances southwest and south of Lake Clark; they 

penetrated only the extreme northeastern corner and east-central margin of the map 
area. Meltwater from the Newhalen glacier was deflected southwestward through 

astern parts of the map area, possibly because of blockage by persisting glacier ice in 
lliamna Lake basin. Broadly limiting dates elsewhere in south-central Alaska indicate that 
Newhalen stade glaciation may have occurred about 14,000 to 13,500 14C yr BP and 
hat final meltout of stagnating glacier ice in the map area probably was complete by 
10,000 14C yr BP. 
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54 he Pebble Project is a proposed copper-gold-molybdenum mine, processing facility and 
associated Tailings Storage Facility (TSF) located latitude 59°53'54" and longitude 
155°17'44" in the Bristol Bay region of southwest Alaska, approximately 238 miles 
outhwest of Anchorage and 17 miles northwest of the Village of lliamna. It is situated 
ithin lliamna D6 and D7 topographic maps in Townships 3 to 5 South, Ranges 34 to 37 
est in the Seward Meridian. Northern Dynasty Mines Inc., the project owner, is 

eveloping the project, and has engaged Knight Piesold Ltd. to design the TSF, which 
includes the staged construction of confining dams. 

he procedures for applications to construct a dam are outlined in Chapter 5 of the 
Guidelines for Cooperation with the Alaska Dam Safety Program, dated June 2005, (the 
"Guidelines") published by the Dam Safety and Construction Unit, Water Resources 
Section, Division of Mining, Land and Water Resources of the Alaska Department of 
Natural Resources. This report constitutes the Initial Application Package for submission 
under the Alaska Dam Safety Program as the first step towards receipt by Northern 
Dynasty Mines Inc. of a Certificate of Approval to Construct a Dam. 

he proposed impoundment will incorporate three embankment structures in the South 
Fork Koktuli River situated near the headwaters as follows: 

A north embankment that will be progressively raised in a series of staged expansions 
o an ultimate height of 700 feet, 
A southeast and southwest embankment that will be constructed in stages to an 

ultimate height of 710 feet and 740 feet, respectively. 
Knight Piesold Ltd. has carried out a Hazard Potential Classification of the dams, based 
n the classifications set out in the Guidelines. The resulting preliminary classification for 
ach of the dams is Class II (Significant). However, Northern Dynasty Mines Inc. is 

planning to incorporate more stringent design criteria for flood and earthquake events 
onsistent with a Class I (High) classification. 
his report provides a project description; an assessment of the site characteristics with 
he .Pebble ProjecUs a proposed· copp~r-gqfd.:molybdenum mine, processing facility and 
.ssociated "failing~ Storag:e facility (TSF} locat~d hatitude 59"'5.3'54" an.d. tongftu~e 
~5" 17'44" !n the Bristol Bay region of s;puthwest Alaska, approximately:2JS:mHes 
outhwest pt Anchorage and .. 17 ·f!lHes !JOrthwest of the Village pf mamrta>ltis sill.lated 

Uiamna.06 a,od 07topograpfiicmaps in Tovyf)ships 3to 5Squth,, Ranges 34. to ':!,7 
e~tln tQe Seward Meridian •.. Nortfl~m Dynasty Mines Inc,., the project owner, is 
e~eloping thepmject1 and has. e~gaged Knight Piesold. b.td. to desJgn. the T$f'., which 

includes the ~taged constr,i.Jct,ion of confini~g Ci ams~ .·. ... . .. . .·· ... ·· .· ··.. ..· .• 
he procedur~ for applications to con~truct a dam are outlined in Chapter 5 of the 
.uideHnes for Cooperation with the Alaska Dam $'afety Program, dat6d June 200~, (the 

Guidelines") published by the Darn Safetyand Construc,tiC?n Unit, Water Res<,:>urces 
ection, Oivi~ion of Mining, l..:and and vvater Re,sources of the AJask:a Cep~rtment pf 
tural Reso~rces. This report constitutes the I nitiaJA~pHcatiop P~ckage for submission 

.J.1n1derthe Alaska Dam Safety Program as the first step towa.rds receipt by Northern 
rn:tsty Mines Inc.of a Certificate.ofApprovalto Corn;tructa Oam. 

he PrQppsed impmmdment wilt incorporate two emtJankment•stfl1ctures in an Unnamed 
ri.t>utary {NK1. t90) situated near the h6tatiwaters of the North Fork Koktuli River as 

ollows: 
A main starter dam t.h~t wiH pe progressively raised inaseriesGfstage<;t expansions to 

n. uJtlm<'tte height of 45p feet, 
A lower saddle dam wftl be c~n!itructe,d. in stages to an. ll.ltif"rlaie l'leight of ··175 feetto 
rqvide .for storage capacity during tne. latter years of operation. 

Knig~tPiesold L.td. ha,s car,rieO, outa Hazard Potential Ctassific~tioo of th~ dams, based 
n the cla5,sifications setout in the Guid~lines: Th~ resulting Rreliminary classification for 
ach of the d~ms lsCtass ti (Signiticanf}. However, .Northam. Dynasty Mines lnc.js 

·planning. to incorporate more stringent design criteria for flood and ·earthquake events 
onsistent wittf a Class I (Hlgh)classification. 

EPA-7609-0000586-1600 



31 

124 

01 

1 

his report addresses more than a dozen environmental issues arising from the 
hydrological and geochemical conditions at the proposed Pebble Mine, which would 
evelop a metallic sulfide deposit in the Bristol Bay drainages of Southwest Alaska. 
hese drainages produce a major portion of the world's sockeye salmon supply, 

important subsistence use, and recreation. The hydrological and geochemical issues fall 
into two groups. The first is "substantive" issues - e.g. (a) acid mine drainage from 
unprocessed waste and host rock, mine or pit walls, tailings, tailings storage facilities, 
and dust; (b) pollution from chemicals used in processing ore, (c) pollution from fuels, 

ils, greases and antifreeze; (d) pollution from residues of explosives; (e) chemical and 
bacteriological pollution from sewerage treatment facilities; (f) pollution from herbicides, 
pesticides and road deicing compounds; etc. The second group is "procedural" issues. 

hey result from (a) inadequate data (or decisions not to release all data) particularly on 
matters related to hydrology and chemical compositions of rock, potential ore, waste 
rock, tailings, etc; (b) inadequate sampling techniques, and inadequate protocols for 
preserving field samples or gathering field or lab data; etc. The procedural issues weave 
hroughout the substantive issues and undermine the ability of the public and their 

agencies to understand the potential, significant environmental impacts, particularly to 
ater and fish, which will result from Pebble Mine. This report concludes that significant 

impacts to some of the world's most important fisheries are likely. 

his sectiop"pfesents the findings Qf th.~ 2004 surface-water hydrology study atthe 
Pebble Project mine site'. It sumrn~rizesdata collected in 2004 as pa,rt of the baseline 
twdy program0and evatuates foture needs l}ased on data gaps that are noted. 

Hydrologic dat~ \t\fere atsa collected by Cominco, Lt~:' for the Peti)ble .Project for varrous 
eriods ~etW~en 199 t and 1993.These data are expectecl to be integrated into a future 
nvironmenial ba,seline dqcument, but are not included in this discussion of the 2004 

• ata cottection.effort 

his chapter presents the findings of the hydrogeology study carried out in 2004 for the 
Pebble Project. The study included installation of background monitoring wells, collection 
f groundwater samples, and collection of additional information leading to 
haracterization of the groundwater regime in the study area. The work was carried out 

by a number of firms and individuals. 

his report present~ the prelirrtin~ry .findiQ~s of th~ 2004study of metal le'ach:lngtacicl 
ock drainage (Ml/ARI)). The. re:sults prese,nted in t~is report c:tre f<iJr; 

•.static ~cid-generafion f8sting of rock core obtainea.prior to 2004 tincluding. previ()us 
ri!Ung 'tly Corrtinco Alaska), 

• ~l~ment scans for cor,e coHected. ln2004 frpm the Tertiar:Y cover rocks .and periphery of 
fie.Cleposit near the. eventt,1al pit wall.s of the 1)1fne, and .. 
Static B(:id-,generation testing of metal/Qrgical '~a:ste Products and water-chemistry 
nalysis trom process flowsneet development,. 
he report dqes not include; r~sutts ftom lea,ch tests arid. kinetic ge©cflemicat te~ts which 
recurrently underway.Ass.µch7 the data obtainf!ld provide c:tn ear~~ inaieation of the 
essible geochemical nature of m1ne wastes but do notaitow water-quatity predictions to··· 
e pr(fvideEL 
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Understanding the location and types of wetlands and other Waters of the United States, 
as defined under Section 404 of the Clean Water Act (404 ), is an important component 
f planning any development in Alaska. The regulations in 404 require an extensive 

analysis of development options, in order to determine the range of practicable 
alternatives for each project component. As such, proponents of large developments 
must provide mapping of areas in and around their preferred development footprint, as 

ell as documentation to support that mapping. 

En!Jlosed i$ an .t\pplf~ation .·for W~ter Right su~mltted Joi~tly oy North~m [)Yrtasty Mines 
ln9, a~d Northern .Dynasty Holdingl? Inc. The mining c.laims that consiitute thePebble 
Project are held eitherl9y f\forthemPynasty Holdtngslnc, ?r its sister corporation. 
Northern Dynasty Mines Inc: These iWo Alaska cprporations are submitting tttts 

n to secu,re. rights tQ. the.supply;clf water·n,eeded fdrthe beneficial mining uses 
plic::aticln for the Pebble· Project northwest of. the community of llJamna. 

f\Jortnem p.yhasfy Mines Inc. is an,d will contin,ue .fo be the.entity that will carry bOt 
XPl?ratton, de~eloprhentartd administrative work relating to We Pebble Proje~t, 

including. Ingress ~nd ggress as necessary to Withdraw, impounq, divert an,d transport 
ater of the State ofAfaska: therefore, NOMI and NDHl..are referred to, collectlyely, for 

he, puros.es ofthis applic~tion, as "Northern Dynasty Mines Inc." Each ~f theiWo entities 
~(1epts .ani*andall responsibtlfty and Uability aris,i~g outof applying for; acq~iring and 
~!ding the waterr:tglit associated V!ith this ap?,lication. Submitted with the a.pplicatipn 
re location maps tha,t further identify th.e site where water will be taken and benefic!alfy 
sed, as w,eu as the informati(>n and doc,umentationrequired 11ursuanno 11 AAC 93Jl4Et 

·•· lso encloseg is a C?astaI F,'roje(}U:luestionriaire (CP~). NOMtprevrously ha~ 
itt~d a.CPO. for its 2006exptorat/on drilHn~ progra.rrt ···We. unoerstandtl'lat !he fee 

red under Alaslta la~ for this applicationisto be set by negotlati()fl: With this 
·ppficaticm, NDM! submit~ a· cf\eck In the am9unt of $900as ai~eposit to be applied to 
he fee that will be pegotiate,.~ t.ot processing this ap~lication, We a~e prepare.~·HO work 

you to develop a fee scliedul.e. for miniqg projects as you determine tne reasonable 
for thisproJe,ct, .speci.fically .. ·Thi~ water right application Is being submitted 

im~Jtan,e,ously witl:'i iWo other waterr:igf\.t ap~fi~~tions. Tnese three water rights are 
eeded for a supply of.water foithe beneficial mining uses described in this application. 
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Enclosed is an Application for Water Right submitted jointly by Northern Dynasty Mines 
Inc. and Northern Dynasty Holdings Inc. The mining claims that constitute the Pebble 
Project are held either by Northern Dynasty Holdings Inc. or its sister corporation, 
Northern Dynasty Mines Inc. These two Alaska corporations are submitting this 
application to secure rights to the supply of water needed for the beneficial mining uses 
in this application for the Pebble Project northwest of the community of lliamna. 
Northern Dynasty Mines Inc. is and will continue to be the entity that will carry out 
xploration, development and administrative work relating to the Pebble Project, 

including ingress and egress as necessary to withdraw, impound, divert and transport 
ater of the State of Alaska. Therefore, NOMI and NDHI are referred to, collectively, for 

he puroses of this application, as "Northern Dynasty Mines Inc." Each of the two entities 
accepts any and all responsibility and liability arising out of applying for, acquiring and 
holding the water right associated with this application. Submitted with the application 
are location maps that further identify the site where water will be taken and beneficially 
used, as well as the information and documentation required pursuant to 11 AAC 93.040. 

lso enclosed is a Coastal Project Questionnaire (CPQ). NOMI previously has 
ubmitted a CPO for its 2006 exploration drilling program. We understand that the fee 

required under Alaska law for this application is to be set by negotiation. With this 
application, NOMI submits a check in the amount of $900 as a deposit to be applied to 
he fee that will be negotiated for processing this application. We are prepared to work 
ith you to develop a fee schedule for mining projects as you determine the reasonable 

ee for this project, specifically. This water right application is being submitted 
imultaneously with two other water right applications. These three water rights are 

needed for a supply of water for the beneficial mining uses described in this application. 

Snclose(i .. is an ~ppHeatioQ for Wafer Right s1:Jbrnttted.J9int1y ~Y Northern Dynasty Mines 
<ant! Nort~emDyoastyHoldtngs Inc. The. mining cla,ims that constitute the Pebble 

are held either by Nortftem 9ynasfy Holdings .1nc.'or Is sist~r ~0:rporation, 
o~asty Mines in,c .. Tnese 1:Wo Alaska corP,or~t10ns.ares1.1l:lmittif:lg. this 

ppfication to secure rtghts to the·supply.of.waterneeded forthe be!1~fi¢i~I mining uses 
in this application for the.Pebble .Projectnorthy;e~t·oftfle•o ity oflliamna: 

4

NottMm Oyn~sty Mines tnc. is ahp y;iu continue to be the . .... . ttratwill carry out 
x.pl1Dration1 development an,d administrative.work relating to the Pebfile Project, 

Including• ingress. a,nd eQr~ss as nec~s,sary to withtl~aw, impqun~, dive.rt an~ transport 
· aterbf the .State ofA.laska. Therefur!f,NDMI and NDHI are referred to, coU8:cth1ely, for 
lie puro~es of tllis appU9~tion~ as "Nortliem D~asty MJnes Inc'." . Eac~ of the fwiO entities 
ccepts,any Bfld au responsibil~y an~ HabUity arising. out of apJ)lying fo~1 acquiring and 
olding the \'\fSterrtght a,ssociated .with this application .. Submitted with the applic~ti<;>n 
re locatio:i maps that flirtfler identify the site where water wm be .. taken and befleficially 
sed, f3S. WEffl as the informatio~ and do,cumentatif?O required .pursuant to , 1 AAC 93::040. 
lso eflclosed is ·a .. Coastal Projec,t QwestionQaire ~CPQ). NOMI previously has 
ut>mi!ted a CPO for its 2?06 exploration drilling pro~rarn'· . We um:terstanct that ttie fee 
equfred un.der Alask~ .law for th.is application is to be s~t by negoti~tlon. Withthis 
pplication, NDIVU submits a cneck in th~ amount of ~90Q as a deposit to·be <:tPPli~d to 

he.fee that\Vm ben~~otlatedforprocessingthi:appHcati<,Jn; ·wear~ prepared to work 
u to develop a fee schedule fQr mini~g proj~ct,s as you deter11Iine the reasonable 

r this project, specifically; This water rig.ht appUcatton ls l>eing submitted 
ltaneo~sly with two other water right applications, .These th.ree w~ter rights are 

eded for a sufl)'ply of water for the beneficiat mining tuses described in fhts application. 
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Nia. 

None 

None 

None 

he scope of this report is limited to assessment and analysis of chemical reactions 
related to drilling and seismic surveys that have the potential to impact water resources. 
In general, contamination of surface water may occur through: fuel spills from drills and 

ater pumps, surface discharge of drilling fluids, breakdown products of drilling 
hemicals, chemical reactions with drill cuttings, and ammonia from seismic charges. 

Contamination of groundwater may occur through: introduction of grout, clay, fuel, and 
rilling additives into holes and wells; improper closure of drill holes, particularly in 
ulfidic host rock; direct infiltration of drilling chemicals and drill cutting metals from 

unlined mud pits excavated within or in immediate proximity to shallow aquifers. 

None 
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None 
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None 

he report describes property and .owne~hip · onhe Pebble C()Pf)er.:Gotd•Molyb~denum 
Project, as well 8:S site geology and explQratio~. Exploration driflfng is descritied in the 
rea; and mineraLresource estif'flates are pr:pvidec;f as;. 5.94 bUHon tonnes.O:f '¥easured 
rid lndi~ated Mine.rat R6s<>,:urces':grading 0:78% CuEQ; containing 55 billion. poum:ls of 
opper; 67 miltia11 ounces ·of gold, and 3:3 bllli<m pounds of rnotyptienum; and 4.84 
lllion 1onnes of Inferred Mineral. Resrouqes ~rading Q~53% Cu~(l, conta,tning 25 .6 
Ulion .pounds of copper? .40.4 milfionounces of gold, and2,3 bimon. pounds of 

motypdenum. Proposed .pf:ans for continuie'd exploration are .provided. 
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Descriptronsofthe··mJneralo~currenees in thefHamna quadrangle as patt ofa statewide 
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potential for acid ('Flirte drainage. 
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n updated report estimating the Pebble deposit mineral resources comprise: 5.94 
billion tonnes of 'Measured and Indicated Mineral Resources' grading 0.78% CuEQ, 
ontaining 5 billion pounds of copper, 67 million ounces of gold and 3.3 billion pounds of 

molybdenum; and 4.84 billion tonnes of 'Inferred Mineral Resources' grading 0.53% 
CuEQ, containing 25.6 billion pounds of copper, 40.4 million ounces of gold and 2.3 
billion pounds of molybdenum, based on data derived from 509 drill holes in total. At 
he time of this release, depsit estimates increased 17% in resources within higher 
onfidence Measured and Indicated categories, and a 12%, 14%, and 16% increased 
ontained in coppery, gold, and molybdenum, respectively. 

None 

Non-digital National Wetland Inventory map for the area surrounding the Pebble 
Deposit. The map was created utilizing 1978-1986, 1 :60,000-scale, color-infrared 
imagery collected as part of the Alaska High Altitude Photography Acquisition Program 
(AHAP). The data remains to be digitized, and due date for availability of digital data is 
unknown. Wetlands professionals indicate the map displays extraordinarily extensive 

etlands in the area. Codes to interpret the map may be obtained from: 
http://www.fws.gov/wetlands/_documents/gNSDl/WetlandsDeepwaterHabitatsClassificat 
ion.pdf. 
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'2p0): 2166~ 
214 

he effects of acidification in lotic systems are not well documented. Spatial and 
emporal variability of habitat and water quality complicate the evaluation of acidification 
ffects in streams and rivers. The Neversink River in the Catskill Mountains of 
outheastern New York, the tributaries of which vary from well buffered to severely 

acidified, provided an opportunity to investigate the extent and magnitude of acidification 
ffects on fish communities of headwater systems. Composition of fish communities, 
ater quality, stream hydrology, stream habitat, and physiographic factors were 
haracterized from 1991 to 1995 at 16 first- to fourth-order sites in the basin. Correlation 

and regression analyses were used to develop empirical models and to assess the 
relations among fish species richness, total fish density, and total fish biomass and 
nvironmental variables. Chronic and episodic acidification and elevated concentrations 
f inorganic monomeric aluminum were common, and fish populations were rare or 

absent from several sites in the upper reaches of the basin; as many as six fish species 
ere collected from sites in the lower reaches of the basin. Species distributions and 
pecies richness were most highly related to stream pH, acid-neutralizing capacity 

(ANC), inorganic monomeric aluminum (Al;m), calcium (Ca)2
+, and potassium (Kt* 

oncentrations, site elevation, watershed drainage area, and water temperature. Fish 
ensity was most highly related to stream pH, Al;m, ANC, K+, Ca2+, and magnesium 

(Mg)2+ concentrations. Fish biomass, unlike species richness and fish density, was most 
highly related to physical habitat characteristics, water temperature, and concentrations 
f Mg2+ and silicon. Acidity characteristics were of secondary importance to fish biomass 

at all but the most severely acidified sites. Our results indicate that (1) the total biomass 
f fish communities was not seriously affected at moderately to strongly acidified sites; 

(2) species richness and total density of fish were adversely affected at strongly to 
everely acidified sites; and (3) possible changes in competitive interactions may 

mitigate negative effects of acidification on fish communities in parts of the Neversink 
River Basin. 

h~ sublethat effects of q0pper on tile sensory.physfology of juvenlfe coho salmon 
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ffects of copper (U) - 20.0 µg/L}Were do~e-dependent and toey were nottriftu~~eed by 
at~r har(jness. y oxfcity thres.hotds for tne <flfferentreceptorpath~aYs were deten;TJtned · 

·· y tisiog the be~chm(l;rk ~ose method a~d found to be simflar ~a 2.3 -3.0 µg/L Increase 
in total dissolveC:I c()pP,er over backgroun~}: Collectively, .. examination oUhese data 
!ndi~t~s tt1at co~per Is broadly toxic to tne S$fmon olfactory nef'{fous SyStem. 
{)fl~eque,ntlX, ~hQrt•term influx_es Of copper to surface waters may: interfere.with 
lfact<;>ry-mediated behaviors that are critical. for the survival litm:I migratory success o.f 
Hd-...,., .... .., ... 

EPA-7609-0000586-1699 



57: 2032-2043 he abandoned copper mine at Britannia Beach, British Columbia, has been releasing 
acid mine drainage (AMO) into Howe Sound for many years. To assess the impacts of 

MD on juvenile salmonids in the Britannia Creek estuary, we compared fish 
abundance, distribution, and survival at contaminated sites near the creek with 
uncontaminated areas in Howe Sound. Water quality near Britannia Creek was poor, 
particularly in spring when dissolved Cu exceeded 1.0 mg·L-1 and pH was less than 6. 
Beach seine surveys conducted during April-August 1997 and March-May 1998 showed 
hat chum salmon (Oncorhynchus keta) fry abundance was significantly lower near 

Britannia Creek mouth (0-1.2·100 m-2
) than in reference areas (11.5-31.4·100 m-2

). 

Laboratory bioassays confirmed that AMO from Britannia Mine was toxic to juvenile 
hinook (Oncorhynchus tshawytscha) and chum salmon (96-h LC50 = 0.7-29.7% in 
resh-water and 12.6-62.2% in 10 ppt water). Chinook salmon smolts transplanted to 
urface cages near Britannia Creek experienced 100% mortality within 2 days. These 

results demonstrated that juvenile salmon ids are vulnerable to AMO from Britannia 
Creek: their abundance peaks during spring when Cu concentrations are highest and 
oxicity is greatest in surface freshwater, which matches their preferred vertical 
istribution. 

Protection of Washington. state's. ~almonids requires. that franspo~tion officials corisii::ler 
he.effect@:f susp~nded sediments released into strearnsdl;jlr,ing trarn~portation projects. 

·~ •. state and pra,wncial criteria are bas~<i .. <:>n a threst1old of exceedance tc>,r 
kground levefs·of turbidity. However, determining natural background ·1evels .of 

urbil:'.Uty is a <;tiffic~lt endeavor. The in~onsistent correlatiop belweenturbidity 
measurements and mass of susJ>err~etlsoHds, as well as the.difficulty.in~?~ieving 

lity using.turbfdirnete~ aontributes to.con~~rns, thatturbidity may notBe a 
sisten,t a~d reliable fool determinJng the effects of Sil~~ended sof/ds on salmqnids: 

ther factors •. sµch as life stag~. Urne of y-ear,, $ize and angularity of se,dirnent: · 
vail~bili~Y. of off-c,hannel and tributary hapitat, and ~omposition of sedirnentmay b~ 

more telling in determining the·effect of s~dirnent. on ~almonids in N,orthw6,stern. rivers, 
For stlort ... terrrrcon~truction projeo:ts, op13rators 'f"tll need to measure tJack:grounGI 
· Ult1idities on a c~~e by case basis fodeterrnine if they are exoeadi~~ rsg4lafion~. 
However, tr,anspGrtation.projeCt$ rha:i alsopro<:iuc~ 101~-term, chronic effe~ts. To 
dequat~IY protectsalrrt0nids durio~ tfreirtresh\Afater resii::ience, TSS data on 

pbysio.logicral, behayJoral, and f1abttateffects s.houtd t{e vtewed in '.a layercontexl, 
incor¢rating boththe spatial geo,mettY ?f suitable habitat and tile tem,port;ll changes 

ssociated with. fife htstory, year class~ ~oc:hclimatevariabiflty. Spatial and te[llporal 
onsid~ratiQns pro,yide the foundation to eleciphet legacy effects .as well as cumulative. 
nd synergistic effects on S'afrnonid protection and recovery. 
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18(2): 299-307 his study quantitatively evaluated the relationships among As, Co, and Cu 

2: 1410-1417 

: 371-374 

oncentrations in exposure media (surface water, sediment, and aufwuchs), As, Co, and 
Cu concentrations in aquatic macroinvertebrates, and invertebrate community structure 
in a mine-affected stream. Concentrations of As, Co, and Cu were significantly elevated 
in both exposure media and invertebrate tissue downstream from the mine. Copper in 
invertebrates was significantly correlated only with Cu in aufwuchs, and Co in 
invertebrates was significantly correlated only with dissolved Co in water, suggesting 

ifferent mechanisms of invertebrate accumulation for these two metals. The 
invertebrate community was severely affected downstream from the mine, with a loss of 
metals-sensitive species and reductions in both total biomass and number of species. 

otal abundance was not affected. Principal components analysis was performed on the 
invertebrate community data to develop a simplified description of community response 
o mine inputs. Based on this index, metal concentrations in invertebrates were poor 
predictors of community structure. Copper concentrations in water, combined with an 
stimate of invertebrate drift from clean tributaries, were statistically significant predictors 
f community structure. 

fie territorial, gill-flaring, and feeding behavior ~f juvenite C<;)hO. salmon (Oncorl"}y~c;hus 
lk/s:utc:fl) .. in a lab'oratory strearnwas dlsf"tlpted by'short-term exposur~fi? suspeMed 

ediment puJ~e,~· Afthe higherturbiditiestested (:fO and 60 nephelofl'.letric turbtdjty units. 
TU)), dominance hiera,rchies broke down, territories~erer:iot defended, and gifl flarinQ 
curred moretrequentl~. Only after.return to lowerturbidities.(O.:c20 Nl'FU)Was social 

... : .. n reestafilished. ·Th~ .reaction distance of the fish to adu,lt brine shrimp 
ecreas~d signific<;inUy in turbiawater (~O and 60 NTU) as did cap~ure success per.strike 
nd the percentage qf prey ingested: lmpllcations of these. be,liavioral modi~cations 
'.\;lggest that the fitn~ss of salmonid populations exposed to sh0rt-termputses of 
uspended sediment may be impaired. 

Some water quality standards established by the states permit only minor increases in 
uspended sediment when background turbidity is low, allow greater absolute increases 

as background levels rise, and do not consider acclimation of stream biota to high 
urbidity. Juvenile coho salmon (Oncorhynchus kisutch) were subjected to 
xperimentally elevated concentrations of suspended sediment and did not avoid 

moderate turbidity increases when background levels were low, but exhibited significant 
avoidance when turbidity exceeded a threshold that was relatively high (> 70 NTU) and 

as varied according to previous suspended sediment exposure. 

hs effect ofan ·~mbedded substralum on emigration .arid grow~h FnJoven:tteb(own trout 
investrgated in an ·artificial stre~m .with sand .added to pro~uce sections of 

mbedded ornonemb«dded substratum. Fish were, alfawed.to:teavetne secti~ns and 
ere caughtdalt.y~in adownstr,eam trap. After ~atching ~ndoounting, fish were. put track 

·n the1r()rigJnal section in 9rder to keep the san:ie.amount of fi.~h. Captt.ffes were high 
nlyonth~ fiFstcjays after fish release., During the.first 6 days after fisfl release, 
own~tream .. mov,ing fish were. more numerous in the emb~dded than in the 
nert:ib6,dQ~d sections. The embedded.~upstratum stgqiffcaotly ~ecreased.thefinal 

n t}ody weigflt and. cood(tion factor and increased heterogen.eity in fish size, We 
uggest that a decrease. in the habitat carrying capacity for juveniles could be ttre main 
actor explaining ltlis result 
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1(1): 15-21 he soils forming on waste rock dump surfaces at the Bingham Canyon Mine have paste 
pH values ranging from 2.08 to 7.91. Paste conductivity, a measure of soil salinity, varies 
between 22 and 8750 µS cm1

. The primary controls on waste rock soil pH and salinity 
are the sulphide distribution in the waste rock, the amount of limestone present and the 
age of the waste rock dump surface. The average pH of recently exposed waste rock is 
7 .0 and the average conductivity is 1120 µS cm1 . Within six years of placement on the 

aste rock dumps the average pH declines to 4.7, further decreasing to 3.7 after 50 
ears. The average conductivity increases to 3000 µS cm1 within six years but then 
eclines to 855 µS cm1 after 50 years. The sharp drop in pH, and the peak in salinity 
hortly after the waste rock is placed on the dumps, reflects the rapid release of acidity 

and sulphate caused by oxidation of newly exposed pyrite. The salinity of the soils 
begins to decline as pyrite becomes depleted and sulphate is flushed from the soil by 
infiltration and runoff more rapidly than it is replenished by sulphide oxidation. 

he proposed f,lebble Project, by Northern Oynasty f\nines. <Inc. (N.DM) and Angl? 
m9,rican, plc1 isal~wgr;;fde coppe:..:goid-rnolybdenumsulfia~depositin SWAl.asl<a. The 
eposlt outcroi:>s Girihe surface .. (Pebbte, West, PW), requirrng open pit.mining metfro<is, 
nd e?<l:enC:ls ui;ider non-or,e be~ring rocks (Pebble East, ~E), requiring underground 
lock,caving. 111e deposif~its on. a tlrainage dtvide, with the Upper Ta.larik. (t.IT} Riv~r 
raining east and. south. a~d .the North Fork (NPK:> a~Cl south Fork{SFK)~Koldulirivers 
raining west and southwest, respectively-. Mining ot tne or,e .deposit wol!td re~ult in an 
pen pit and. underground mine ~t tti? headv~ate,rs o.f the SF!<, and u:r waterstieds;TM 

mJne waste (taillngs apd. waste fOC,k) would be stored in tw~ Tailings Storage Facilities 
10,cate(;i in the SFK an~ MFI( watersheds. The<~Wopen pit ls projected to have a pit 
l<:{ke .• Pit water can .be rmpacted by the roc~tem~ining in the pit w~lls, e$peciaJly that 
material ~xposed tiy fra~turing.an(j rubbilizatio~ due to mining: If the. wate,r in the pit is of 
oorquality··from dec()mpn,sition o,f sl.llfide minerals, and the .. hydrology facilitates fl.Qw 
own gradient ~o 'ground anCI surface waters, ttre,.re co,uld be loRg term impacts to ~ater 
ff.the .. minesite. Subsidencewm likely occur due to ~lock caving at PE. Subsi(ienceat 

·he surface, allows water to, en!er the unde,rground mine from ~bove and. contact brQkeo 
oc.k that wnir,emain undergrooncL, The rock in the remaining un~erground workings i~ 

· he dep~it wit! be mineraH~d. Thisdould lead ta decompositfort of splfide miner~ls0and 
cid mine drainage. If .a flow pctth exists trom the mine workings to ground anQ surface 
aters down gnrdient from tlt6f mine1 migration of conta~inatiOnpff the'riJ.ine site VlfOUld 
ea Ioryg term issue, ... Tailing~ dams VIJfll be .built tq contai~ wast~ •. several with heights 

700 feet. Tailiqgs damsm~st Stiind in p~rpituity.A large earthquake mig(lt c,ause 
fure of a tailings <tam A catastrophic release of a large amount ofta!Hngs could l~ad to 

oog term "envlronm~:i:r1tal damage with hu~e clean.up costs. The probabilitY, of sucn failure 
s low, but the 0011sequences.are vet"/, t:l:igh. A 1~4·mile industrial road ~iH conrtecHhe 
mine and:the po,rt sites,. with a concentrate pipeline p~raflel to the road. !he pipeline will 
·· e ~ngjneered with leak detecti?n systems anct, shutoff va£ves., thougq material between 
he shutoff valve and a break can .still .leak froma ruptured pipeline. Concentrates. are 
moved vta c»nveyor onto a.ship for tran~port to a smelter'. Concentrate sptns during ship 
loading l'las. !Jeen an issu~ in the pa~t V(ith similar loading facilities I~ Alaska. Finally, 
mines mu.~t be 'designed for closure.' Whil~ Alaska. re,clamatlonlaw requires. adequate 
rnanc,i.als~rety for closure be. provided. to the bom;lholdin9 agency, regut9tocy agencies 
·ay;e. a h:istocy of undere~timatt,ng cfosvre <iosts for metal. mines. Mine ol~sure typically 

tens to hum:freds Of r,Titllioos Of dollars, a• Si~Oificanf'Jtability to the:reguJatocy 
ncy, and by association to the taxpayer. Reg.utatocy agenqies in .. Aia$Ka.mlw a~ept 

~ •, "' 

EPA-7609-0000586-1702 



110: 281-286 

9(l0):. 1.1·07. 
.11f6 

uvenile coho salmon (Oncorhynchus kisutch) production (tissue elaboration) was 
monitored in 12 laboratory streams under six replicate treatment levels of fine 
edimentation. Increasing sedimentation supressed fish production. Our data confirm 
hat habitats of salmon id juveniles, as well as spawning areas, should be protected 

against fine sediments. Substrate Score, a visual technique for evaluating stream 
ubstrate quality, correlated closely with both the geometric mean particle size of the 
ubstrate and fish production, and can be easily applied in the field. 

LThe. uptake:otheavy metals vi~ the aUmenta1"'5' tract cah be an rmportant factor tor the 
metal budget qf fish. 2. Concept~ such as biomagnification, bicraccumulatior:i, 

iotransference, 9rc9ncentratron fa~tors, c,onvey little information about the real threat . 
tginating from t:Te~vy met~ls in an aquati~ tood. chatrL 3. !n ~oUuted aquatic ecosystem~ 

transfer of.metals :tflrOt.fgh tood ch~.rns ea~ b~ high eno,ugti t,o brinQ ab<:>wt harmful 
oncentrations .lf'.t the tis,st1~s. of fish •. Tliis relations~ip is called the food cf\ a, in. effect: 4. 
wo kinds:ot ec~ll(Ygical factors, influence the to,od chaineffect. firstly, .high levels of 
ontamiQation of the food, and,.secondly, the . .r,eductiOJ! .of SPE<~ies diversity. When 

lsueice1:>tible specie~ are.eliminat!d·. T~tal-tolerant tood organisms may become 
mlnant "their tolerance may be ~ased ~fther e>n their ability to accumulat~ e}{cessive 

Taunts of metals or to exclud~ heavy metals from the tissues: 'Fhese two strategies 
epresent feedback mechanisms which may en~ance.wwea,kerthe too~ chain effec:t.5. 

~t is coheludet1 th.at fµtore, lnvestiga,fions ontransfe,rence ofheav;r metats to ~sh must 
ake .into more carefut .consideration the specific eeolagieal situation of a given 
nvironment. 

re tailings impoundments the most challenging facilities that geotechnical engineers will 
ncounter during their careers? Whether one answers yes or no, there can be no 

argument that these facilities are indeed challenging and that there is little room for error 
in their design and stewardship. Where more room has been sought, failures have been 
he all too frequent result. Can these failures be avoided? Many geotechnical 

practitioners get involved with mine tailings impoundments. These practitioners should 
make themselves familiar with the extensive and, unfortunately, growing database of 
mine tailings impoundment failure case histories. Many of the failures in the database 
have been the direct result of a geotechnical failure mode; failure modes that should be 
less common in modern geotechnical practice. The implications to geotechnical design 
practice from the trends indicated by the database are clear. 

Mining of mass!~ sttlfide depos.its in southwe~~m Spain e>ctending.bac~ to the Copper 
nd !!ron:ze .Ages h22s resulted in the. pollutign of the Riq Tinto fluvial~estuarine,' C()mplex, 

site of Colu,mbus' 'departure far tfie New V\fOrld in 1492, Addftiona~ s~urees of . . , 
tial pollt:Jtion include the targe industrial complex ~t l;uelva ne~r the lo\ll(er pqttion of 

~tuary. E>def"\sfve analysis ofsurtaee ~e,c:Um~nt ~ampl~s and cor,:e~ has established 
hat there Sfe no g0()Qraphic trends fr the d.istribotion .(:)f the poUutants, wttich inclt1de ()u, 

Pb,. Zn, T'.i,.Ba, Cr, V and Co. These aata b~V;e, ~ow~ver, demon!trated tf':latUdal flux 
in the estuarycarrie~ phosptroru~ and peth.aps other elements frornth~ industrial 

oTple{< atHuelv~ to tf'le tidal Ut,nit oft~~ 8,'Ystem, several kilometers upstret;lrn from the 
i~charge site, Radiometric a,nal~srs of short cores shows ttlatsetlimentation rate,s over 
t l~ast t~e .past qouple'of centll;ries have t>een about 0,3 cm7 ye~r. Theseidata and thaf 
om a le deep cor~"darnorrs'trate that the esttiafY was P?llµted from rn1Ring activity 

··r.oogbe the large-scale operations began ln thalate nineteenth eentuf'Y', 
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6: 590-602 he impact of mining and smelting of metal ores on environmental quality is described. 
Mines produce large amounts of waste because the ore is only a small fraction of the 
otal volume of the mined material. In the metal industry, production of Cu, Pb, and Zn 
auses the greatest degradation of the environment. Copper mining produces extensive 

mine wastes and tailings and Cu smelting emits approximately 0.11 Mg of S per Mg of 
Cu produced in the USA. Zinc and Pb smelters release large quantities of Cd and Pb 
into the environment. Metal smelting and refining produce gaseous (C02, S02, NOx, 
tc.) and particulate matter emissions, sewage waters, and solid wastes. Soil 
ontamination with trace metals is considered a serious problem related to smelting; 

however, mining and smelting are not main sources of global metal input into soils. 
Other sources like discarded manufactured products, coal ash, agriculture, and 
ransportation take a lead. Smelters are the main sources of atmospheric emissions of 
s, Cu, Cd, Sb, and Zn on a global scale and they contribute substantially to the overall 
missions of Cr, Pb, Se, and Ni. A quantitative evaluation of the environmental health 
ffects of mining and smelting is difficult because of the complexity of factors involved 

and lack of consistent methodology. Nevertheless, the case studies described indicate 
hat negative health effects could arise from Pb mining and smelting. Risk assessment 
revealed that food chain contamination by Cd from soils contaminated by smelting is 
very unlikely under the western diet. 

None 

1 (5): 1109-1115 he effects of climate warming on the thermal habitat of 57 species of fish of the U.S. 
ere estimated using results for a doubling of atmospheric carbon dioxide that were 

predicted by the Canadian Climate Center general circulation model. Baseline water 
emperature conditions were calculated from data collected at 1,700 U.S. Geological 
Survey stream monitoring stations across the U.S. Water temperatures after predicted 
limate change were obtained by multiplying air temperature changes by 0.9, a factor 

based on several field studies, and adding them to baseline water temperatures at 
tations in corresponding grid cells. Results indicated that habitat for cold and cool water 
ish would be reduced by -50%, and that this effect would be distributed throughout the 
xisting range of these species. Habitat losses were greater among species with smaller 

initial distributions and in geographic regions with the greatest warming (e.g. the central 
Midwest). Results for warm water fish habitat were less certain because of the poor state 
f knowledge regarding their high and low temperature tolerances; however, the habitat 
f many species of this thermal guild likely will also be substantially reduced by climate 
arming, whereas the habitat of other species will be increased. 
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8: 15-29 

ecological risk .asse~sment (ERA) has bEtcome an essential tool for d~termining impacts 
o biolcrgrcal receptors as a result of contamina~on from metal minirrg facutties 
Brumbaugh e.taL 1994., Can,field etal. 1994, Ingersoll etaL 1994, Kemble et <:\L 1~4, 
P~scqe an? DafSoglio Hf94, Pascpe ,et at 1994, Link~v etar: ~902); The United States 
Environm,ental Protection Agency <e,PA} R,;isk Assessment Forur:fldeveloped the 
Framework for Metals RiskAssessment{Z007a)1 ·wfti~his a sci~nce-based doc1;1ment 
hat addresses the special attributes and behavi(}~ of me,tals arrd metal compounds to 
e·con9,ideredwhen.as~essing their hurna~ healtfi and ecologfcatrisks. To.date, efforts 
ave .been designed to address the impacts or risks posed by metals contamination 
ubsequenUo f1!i11ing operati?ns. Few, if any, ERAshave be~n directe(d at pre.mining 

impacts: Smith (20Q'7)provided strate,gies to predict metal rnobUify at mining sites .· ... 
hrough evaluation of source. characterization,. geoenvtron~ntal models, .. 9eoavaifabillty, 

.jaQc:i mt~tals spec:iati<?n;controltingphyslcocheinicat. attribut~s (e.g,,·solubUity; pH, 
ofptton) in aqueotJS environments are c:tlscuss~d relative to theitpotential to alter metals 
ioavailability. l'.he relevance of historical information on metals con,taminatjon 
ssociat~dwifh other minesites,atong with the po,te~tial .f0racid r:iinedrainage {AMO} 
nd metals release a~d exposure, b'ased on review pf the ba~eltne data and 
e~tr~mieal .characteristic$ at a site, ~ave been u,sed te develop both quan~itative ani:f 
u,at!tative predictions of risk .. The present. ERA .is desi .. . to analyze .. and portra,~ tfte 

potential rfsks to globally si9nifieant safmon resources the Nushag~k-Mulchatna,.and 
rr~r drainages (proxtmat headwater areas} ~:s a result of large.:s~~te minirtg. and 

lat~d faciliti~s: Th es~ ri~ks include both physical destruction and alte,ration of 
"· ~Imo~ fiat>itat,.Jn additf~ffto .probable effects from changes to water chemistr;y.and 

thersuJ?porting habitaf as ares4lt 0f AMO. !3rld .the influ~ o( metals w,rthi(I" the BQ(Jatic 
cosyst~r:ri from various sources. AJthouqh the ERA generaHy presents ir:1p~cts to 

f:1 from los,s of food resources such as ben.thic invert~arates, it Gfoos not focus on 
1c effects to these fauna. Similarly, althoug~ risks to noo-anadromous fish wtthin 
tally- affected stream segmenfs may b,e similarto salmon., these taxa are not 

ddressed individually within .the ERA. 

marked vertical trend of increasing temperature and dissolved metal concentrations is 
bserved in the monimolimnia of some meromictic pit lakes of the Iberian Pyrite Belt 

(IPS) in SW Spain. Temperature differences between the chemocline and the pit lake 
bottom can be as high as 15°C (e.g. Herrerias), and the respective concentration of 
ome metals (e.g., Fe) and metalloids (e.g., As) can increase by several orders of 

magnitude (e.g., Cueva de la Mora). The redox conditions also change drastically from 
he upper and oxygenated mixolimnion (strongly oxidizing) to the lower and anoxic 
monimolimnion (moderately reducing). Processes such as the inflow of metal sulphate 
laden ground water from flooded shafts and galleries, and other factors such as the pit 
eometry or the relative depth of the lakes, must be considered to account for the 
bserved stratification pattern. The vertical profiles of physico-chemical parameters and 
ater chemistry obtained in Cueva de la Mora and other meromictic pit lakes of the IPB 

are also compatible with a reactive bottom in which several geochemical and microbial 
reactions (including reductive dissolution of Fe3

+ minerals, bacterial reduction of Fe3
+ and 

sol- in pore waters within the sediments, and decomposition of organic matter) could be 
aking place. 
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a.coristrucfad a pl:itchdynarnics model ~hiof'j c~n be .. used to simufatethe changing 
ize~ o,t resident populaticms in a series of interconnecteG habftat patches. We applied 
he model to. whfte-footed mice, f P,er(Jmyscus J~ucopus) inhabiting P'a,tches of fBrestin an 
g~cultural landscape. The. model predicts th.at mGuse populations in is?latea )vocrcilots 
ave low~r growth rates and are tflus more prone to extinctror:tthan those in .connected 
oodlots .. fle.ld .. data support this prediction. 

132: 450-467 bandoned tailings and mine adits are located throughout the Boulder River watershed 
in Montana. In this watershed, all species of fish are absent from some tributary reaches 
near mine sources; however, populations of brook trout Sa/velinus fontitalis, rainbow 
rout Oncorhynchus mykiss, and cut-throat trout 0. clarki are found further downstream. 
Multiple methods must be used to investigate the effects of metals released by past 
mining activity because the effects on aquatic life may range in severity, depending on 
he proximity of mine sources. Therefore, we used three types of effects -- those on fish 
population levels (as measured by survival), those on biomass and density, and those at 
he level of the individual (as measured by increases in metallothionein, products of lipid 
peroxidation, and increases in concentrations of tissue metals) -- to assess the aquatic 
health of the Boulder River watershed. Elevated concentrations of Cd, Cu, and Zn in the 

ater column were associated with increased mortality of trout at sites located near mine 
aste sources. The hypertrophy (swelling), degeneration (dying), and necrosis of 
pithelial cells observed in the gills support our conclusion that the cause of death was 

related to metals in the water column. At a site further downstream (lower Cataract 
Creek), we observed impaired health of resident trout, as well as effects on biomass and 
ensity (measured as decreases in the kilograms of trout per hectare and the number 

per 300 m) and effects at the individual level, including increases in metallothionein, 
products of lipid peroxidation, and tissue concentrations of metals. 

128.:: 1~1-129 pa!ning migration otad~ltmale chinooksalmon Oncorhytiqhus tstfawytscha Y"as 
monitored by radio0teJemetry to determine their response to the presence of metals 
?ntamination in th~ South Fork. oUhe Ooeurd'Alene River, l?aho,. TheNorth Fof1( of the 
oeur d' Al~ne River is relativel~ free ?f metals contamination and was used cis. a pontro.L 

In all, 45 ohinook s~lmon wer~ transported to~ their natal strea~, Wolf Lodge .Oree~, 
··· ·· agged with r~cficg transmitters, ant;1 released IQ the Coeur d' }.\lene .River 2. krfl 

; o~nstrear11 ofthe confluence.ofthe ~ou.tt \ork and the Noi'th F,ork ofthe. Coeu~ d'Alene 
River;.fixed tE)lemetry receivers were.used to monitor the upstre~rn.mo~emento,.fthe 

gged c~iflook ~almon through tfle con~oenc~ .ar~1il for 3 weeksatt~r release: (t~rlng 
fris period, general water.quality anti metals concentratioAs. w~rEl ~onitorecfi~ tile st~dy 

Of the ~3 chinook salmonp~served tP rnove Uj:)Stream from the release site and 
~onflue~cearea, toe .majority {1 e fish, 700/p) moved up the North Fork, and 

{~0%) moved up the South Fork,. where greater metals C()OCentrations were 
our r~sulf.s . .agre:e with .. taboratocy finttings and suggest that natural fish 

opulalions .wnravoid .tributaries w.ith high. mefat.s contCirnination, 
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5(1 ): 15-21 

9(&): 76.3-;781 

18(9 ): 1972-1978 

e used historical cannery records and current escapement and harvest records to 
stimate historical and current salmon escapement to western North American river 
ystems, in order to determine the biomass and marine-derived nitrogen and 

phosphorous levels delivered by adult salmon, and the deficits corresponding to the 
iminished returns of adult salmon over the past century. We have estimated the historic 

biomass of salmon returning to the Pacific Northwest (Washington, Oregon, Idaho, and 
California) to be 160-226 million kg. The number offish now returning to these rivers has 
a biomass of 11.8-13.7 million kg. These numbers indicate that just 6-7% of the marine­
erived nitrogen and phosphorous once delivered to the rivers of the Pacific Northwest is 
urrently reaching those streams. This nutrient deficit may be one indication of 
cosystem failure that has contributed to the downward spiral of salmon id abundance 

and diversity in general, further diminishing the possibility of salmon population recovery 
o self-sustaining levels. 

ctive exchanges Qf wi;\ter a~d dissolved material t)etween tne stream and groundwater 
in. many: porous sa:fld., and gr~\{el:-~e€1.rlvers create a. ay(lamicecotone called the 
~parhein, zo11e. Because it Hes .between tw,'o heaVily exploited freshwater 
esources. > rivers ?nd groundwater-the hyporheic, zone is VQlnerat>I~ to impacts cerning 
o it through both of ftre~e habitats. This revie\f!( fo~u,ses en the d;irect,arrd i!'ldirect effects 

·. ftlurnan activity on ~cosystem functions of tfle fi¥port}~ic zone. Riv~r regul~tion, 
mining,· ~griculture, urban,. and. in,dustrial activities au have the potential to impair 
i~terstitlal bacteri;al ~nd invertebrate bi~ta and disrupt the h,;tdrolo:gical coim~ctions 
~tweentbe hyp<?rfleic zone a~d stre~m •. Qrmindwater,, ripariara, andfloodpll;}{n 

. Until recently,. our scientific ignorance of h¥porheic processes has perhaps 
th~ inc!usion of this ecotooe in, river ~anagement policy. How~ver~ this no 

is the, cas,e as we.become increasin~Ly aware ofttrecentt8,lrolethatttre hyporh~ic: 
qne plays In the maintenapce of water quafity and as a habitat and refuge .for fauna: To 
ully understand .the impacts .of.human a~tivity'on thehyporheic.zone, rtyer managers 
eed to work "'!'ith scientists to conduct long-term studies over large stretches of ~iver. 

River rehabifitati?n and protection strat69ies 11e~d to prevent the degradation of lirtkages 
. etween the hyporheic zone and surrounding habitats while ensUri(f9 ttiat itremains 
i~olS;ted fromtoxio:ant~ .. Strategies that prevent af')th.ropogenic restriction °,f excha~ges 
may incl.tide theperipdicr?leaseotenvirqlin,:tental flows to flush silt,a,nc:i reo<'Ygena,te 
~diments; maintenance of riparian buffers,ceffectjve land use practices, .anct suitable 
round-water and surface water extractlt;Jn poficies. 

Behavioral avoidance of copper (Cu), cobalt (Co), and a Cu and Co mixture in soft water 
iffered greatly between rainbow trout (Oncorhynchus mykiss) and chinook salmon (0. 

tshawytscha). Chinook salmon avoided at least 0.7µ * Cu/L, 24 µ* Co/L, and the mixture 
f 1.0 *g Cu/Land 0.9 *g Co/L, whereas rainbow trout avoided at least 1.6 *g Cu/L, 180 

*g Co/L, and the mixture of 2.6 µ* Cu/L and 2.4 µ* Co/L. Chinook salmon were also more 
ensitive to the toxic effects of Cu in that they failed to avoid *4 *g Cu/L, whereas 

rainbow trout failed to avoid *80 *g Cu/L. Furthermore, following acclimation to 2 
xFFFF _µg Cu/L, rainbow trout avoided 4 *g Cu/L and preferred clean water, but 
hinook salmon failed to avoid any Cu concentrations and did not prefer clean water. 
he failure to avoid high concentrations of metals by both species suggests that the 
ensory mechanism responsible for avoidance responses was impaired. Exposure to Cu 
oncentrations that were not avoided could result in lethality from prolonged Cu 
xposure or in impairment of sensory-dependent behaviors that are essential for survival 

and reproduction. 
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0 he freshwater streams of the Brist91 Bay'drainages support impol"tant subsistence .and 
ommercral salmon. fish:eries and i~f~matjpnaH~4amol!s seort fisheries fo~ be:th reskient 

les. and saf~on. North~m. Dyrrasty Mines, l~c~ (NDJ'vt) flas proposed to. mine a 
Uic sulfide Clepo~it at the hea(:lwaters of sqme of thesestreams .. Th:e project, 

d to. as Pebble Mine, wm nave a prellmin~ry: lifesi;>an of40 t~?so. years, <?raven 
lortger. A;ppUcations file~ by NDl\71 in 200f) indicate th~tthe proposed 1:m.¥je~twm .1eav~ 
erm8,nent landscape features, affecti~g,sq~thirty~quare mites, inc.ludir;rg two tailings 

J?onds toatwm l'l:~use bitlia:ns Qf ton~ of minelailings which will rnclucte toxic .materials. 
~e pr<?iect will also b1clt.ide a 104.:miJe access,roa~, with a slurry lin£fand .a water line 

··hat wm directly affecfat least 12.5 square rplles and a power transmission H~e. Th:e 
006 applicatio:ns help ldentlfypote11tia[Jmpactse>n the fishh~b!tat .• and fisheries. 
a!~gories of ihese potential impa<?ts of F'ebbte Mine. on fistt habitat and fisnery 

esources includ~:direct, indirect, and curp~laiive effects .. Direct impacts ¥Vitt result from 
neapproximately ~O s,quare mi.le footprint oftt:Je mine, .P.fO~essing plant; and tailings 
ond;s; rf10re than 60 lineal miles of ~ainstem strearps-'•plus t,he ~~jacenttributaries and 
etlands:. .. tnatwm be tc:>tally orparti~tly dewatered; the 12.5 squ~re miles.ore,ooo acres 
f dist~l'tiance from the access r?ad; port ~crliti~s,; arrct,, power pro,~uction and power 

.jsttpply 11··11 e. it .. Siltation cau~ed by road-btrildi~~ activities. wilt sm~ther fish food organisms 
nd incubating. eggs and atev,ir~· D.lrect effee{s.associated with the roa~ also incfud~. 

rag.f'T'lentation ota9uatic, rtpartap, and terrestrial habttats. !~direct impacts wrn inclode 
iocreased:pres~ure on, and qompetitiGnfor, fish and wildlife. resources, because of the 
increat;ed access.to .. thearea and increased populatto.n, .. curnula:tive.imp~c~swill include 
Qng-term,. multi-year losses of fish production and stream productivity:. Over tim,e, 
idgi~~·~md culve!1s i~ the access raeild ~~ndeteriorate atid interfere with juvenile or ..... 
ult fish migration~etween important habitats. Dustarrd slttfrom<the roacl during the life 
the project or leakage fre>m ttre $1UrryHne may .. s~other fisfl foo(j organis~s and 
sut5atir1g fisti eggsan<i1 couldwashdownstream.toaff~ctspawning .and rearing habitat 
llfamria Lake. In <rddition, thewei~ht ofthe roadbed and traffic cari be expec,ted to 

ornpact the soil and alter the. movement of ground~at~r which oou:lci disru,pt Beach 
pawning by sockeye salmon in Uiamna L.ake. Althougfl the ac~ess r®d SJ!d other 
upportroadswHlbe constructed for the proposea.Pebbl.e Mine, theywm also provide 
~c(;)s,s to the ar~a by ot~er res.idential, commer,c1a1, anq recreati~m1I .us:e~. The human 

population, and actiV,ities c~nbe ex~cted to increase,. and off r()aGI, an terrain vehicle use 
ill expand into areas not previously accessible. The .impact vviH exten,d rnl.lch t>~yond 

he footprint of tne .road. itself, A,.ny real orperceivefd impact from the proposed Pebble 
.. ~ ., •, . . ,~ 
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28: 30-49 Seepage water and drainage water geochemistry (pH, EC, 02, redox, alkalinity, 
k:lissolved cations and trace metals, major anions, total element concentrations) were 
studied at two active sulphide mine tailings impoundments in Finland (the Hitura Ni mine 
and Luikonlahti Cu mine/talc processing plant). The data were used to assess the 
~actors influencing tailings seepage quality and to identify constraints for water treatment. 
Changes in seepage water quality after equilibration with atmospheric conditions were 
~valuated based on geochemical modelling. At Luikonlahti, annual and seasonal 
K;hanges were also studied. Seepage quality was largely influenced by the tailings 
mineralogy, and the serpentine-rich, low sulphide Hitura tailings produced neutral mine 
k:lrainage with high Ni. In contrast, drainage from the high sulphide, multi-metal tailings of 
Luikonlahti represented typical acid mine drainage with elevated contents of Zn, Ni, Cu, 
and Co. Other factors affecting the seepage quality included weathering of the tailings 
along the seepage flow path, process water input, local hydrological settings, and 
~tructural changes in the tailings impoundment. Geochemical modelling showed that pH 
increased and some heavy metals were adsorbed to Fe precipitates after net alkaline 
waters equilibrated with the atmosphere. In the net acidic waters, pH decreased and no 
adsorption occurred. A combination of aerobic and anaerobic treatments is proposed for 
Hitura seepages to decrease the sulphate and metal loading. For Luikonlahti, prolonged 
monitoring of the seepage quality is suggested instead of treatment, since the water 
~uality is still adjusting to recent modifications to the tailings impoundment. 
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he Aznalco11a,r tatling~ ctarri at Bolf den Apif5a'8, Azrtalcolla(/Los Frailes. Ag..,-Cu-P&-Zn 
mi11e 45 Km west ofSevitle, Spai11, was breaehed .. on 25 April 19Q8, flQO'.<;ling 
pproximately 4600 hectares of latid al~ng the RtosAQ!JO and ~~aalJamar with 
,:iproximateJy 5.5 million cubic meters of a~idi<; water and 1 ;3x1.QA6 cubic m .of fYeaW 

metal~bearing tailin,gs. Most of the µ~posited tailings and appr~ximately 4.7X10A6 cubic 
ffi"Gf contamtn,ated. s,ofls were removed .to the Azrr~tcoUar open pit during clean"'.up~~ork 
ntlertaken immediately:atter the spill until.January 1999. D~tailed'.gef]morphological and 
eochemical ~urveys ~fthe post"'clearM1p cfi~nn:et, floodpJath and v1attey floor, and 
e'diment and water sampHQg, were .. carried out in Januaryand. May 19~9 at6 reaches 

esentative of the types 9friver.channel and floodplain environments in the Rm 
~a1a1mar catchment affected .by the spill. The collected data show th<!t the clean;.up 

erattons removetl eri.ough spilf.:deposited.sedlment to achi~vepre.-spill r,netat (Ag, 14.s, 
d, Cu,. Pb, Sb,. Tl, ~n}•cQncentr~tions·in. sllrface sediment t:hese concentrati~ns, 
~wever, .·are still elevated above pre-mining <,:roncentratrons, .and empflasise that mii\ing 
OQtin~es to corit~rninate theAgr(o:Gt(a.dtamar river syst,em. Dilution .by r,elatively 
.ncontaminated .sedirtient appears to reduce. metal concentrati()OS downstream but 

increases .in metal and As concentrations f>Ccllr downstre~m. pr~s~mably as a resul(of 
actor;s sucf'l as sewage and agrie~lture ... River water samples coll~cted in May 1999 haw 
.ignifjcantly greater dissolved coricentrations of rnet':11s and As than those fr(lf'l'l .January 

1999, probably due to .grea,ter.sµlpflide oxidation from res.it:iual tailings .with ~oncomitant 
etease of metals I°' the vrtarmer early sum,mer montl1~t. Th~se, cc.mcentrati~ns are 
duceti downstr~am, prob~bly by a .. cornbinatiqn ()f dHution and removal of metals by 

al. precipitation. Single chemical extractio~s fde--lonis~d water, Ca~~2, O.Qlmolll, 
HGOOONH41 M, CH3C00~a 1.M arrd ammon,ium a,xal~teQ.2 M) on aHuvi~I samples, 

r0.m reach~s 1 arrd 6, the.tailings, pre;-spnt alluvium anti mart have. shown that the 0ol'der 
f sediment~borne contaminant mo~iUty is generally Zn>;Cd>Cu>,Pb>As .·Pb ~nd A.s. are 
latively immobile except p~ssibly under reducing corrditions.. Much of the highly 

ontaminated sedi.ment rema~hing in t~e floe>dplain ~md .Phannel still contains aJarge 
.roportit:m ?fiailinfJ.lH~lated sulphide mine,rals which are potentially reactive and ma¥. 

torelease contam,!Rants to the. Agrip.-Guad1arriatriver system. Qur work 
es the. ne~d. for pre~mining geomorph~lctgical and geochemjc:al a,ata, andan 

ssessment of potential contributions of contaminants to river systems from other, non­
mining sources. 



10 s long linear ecosystems, rivers and streams are particularly vulnerable to 
ragmentation. There is growing concern about the role of road crossings - and 
specially culverts - in altering habitats and disrupting river and stream continuity. Most 
f the culverts currently in place were designed with the principal objective of moving 
ater across a road alignment. Little consideration was given to ecosystem processes 
uch as the natural hydrology, sediment transport, fish and wildlife passage, or the 

movement of woody debris. It is not surprising then that many culverts significantly 
isrupt the movement of aquatic organisms. Survival of individual animals, facilitation of 

reproduction, and the maintenance of population continuity are important functions of 
movement at a population level. Dispersal of individuals provides a mechanism for 
regulating population density. These dispersing individuals maintain gene flow among 
populations and may supplement populations where recruitment is unable to keep pace 

ith the loss of individuals. For many small species (especially invertebrates), dispersal 
f individuals provides a mechanism for colonizing habitat, allowing local populations to 
ome and go as habitat is created or eliminated, while maintaining viable regional 

populations. Much attention has been focused on passage for migratory fish, especially 
in the northwestern U.S. In some cases, considerable resources have been invested in 
projects addressing fish passage only to find that accommodations made for adults did 
not address the needs of juvenile fish. Long-term conservation of fish resources will 
epend not only on passage for both adult and juvenile fish but also on maintenance of 

healthy stream and river ecosystems. Essential to this approach is a focus on habitat 
uality and strategies for aquatic organism passage based on communities rather than 

individual species. Without an ecosystem-based approach to river and stream crossings 
e will be at risk of facilitating passage for particular fish species while at the same time 

undermining the ecological integrity of the ecosystems on which these fish depend. 
Stream simulation is an approach to culvert design that both avoids flow constriction 

uring normal conditions and creates a stream channel within culverts that resists 
couring during flood events. Designing culverts to avoid channel constriction and to 

maintain appropriate channel conditions within the structure is a relatively simple and 
ffective approach for accommodating the normal movements of aquatic organisms and 

preserving (or restoring) many ecosystem processes that maintain habitats and aquatic 
animal populations. Road networks and river systems share several things in common. 
Both are long, linear features of the landscape. Transporting materials (and organisms) 
is fundamental to how they function. Connectivity is key to the continued functioning of 
both systems. Ultimately, our goal should be to create a transportation infrastructure that . . . . 

130: 11oa--r115 Much research rras be~n deva:ted to the effeots ofacidic/~hoff episodes on PQPt.J;fations 
f.brQok trolfl Sa.Jvelinus fontinafis, ~ess is known a~outsHmy sc~!pin CQ~us cognatus 
nd why their numfiers have;declined in acidified streams. Ad1.1Itto!erar,-toe of low pH aM 
tuminum (At} toxicity .rs ~imUar .in. these. tWo species. SUmy.sculpin s.11awn in the spring, 
hen,high stream.fle>W'~ elevate concentrations oftO:Ki(; Al and decrease stream pt::! in .• < 

cid~sensitive watersheds,VVe .. hypothesized that acidic episode,~ in spring were a source 
ss fqr sU~ sculpll"l and hindered tf'leir reprocluction. We tested this hypottresis by 
ning the mortality, befiavJor, Whole:-b"ody .sodium ~ncentrations, and sgawning 

slimy.sc1,1lpin e>Jposed ta a111bte11t concUtioAs during the.spring ~pawn,ing period in 
~ennsylvania s~reams, stoQe Run {an.episodically acic.:Hfied.stream that formerly 

dntain~d slimy sculpin) aha ~en net Run (a streamr'iih slimy sculpin thaf doesnof 
xperten,ce Sf}Ve.re actdrc ~piSO'dEt$}: C'.hJr hyP:othesis wa5, supported .by the htgher 
ortality, hypoactMty, .lower body sGdium c:oocentratiqns, a11~ tack of spawning among 

limy sculpin in Stone Run relative to thoseJn Senner Run,, Reproductfve di$tufbance 
auseel by stressful .. ccmcen- ttation8, pf Al and hydrogen, io~s may have loo to the 
ecruitl11~nt Jail!J r(\11 ang c91lc;\P~~ pf .tl'l.~. $tl!J1Y l>.qµlpif'.l pQp1,tlati9n in .$t<m~ .RtJn, 
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2(4 ): 429-440 Little is known of how fish respond to the hydraulic environment associated with 
iversion or bypass structures at hydroelectric power installations. To address this lack 
f knowledge, this paper presents results from a study to assess how three species of 

Pacific salmonid smolt (Oncorhynchus spp.) responded to distinct gradients of velocity 
and depth associated with two submerged weirs as they passed through an experimental 
lume at McNary Dam (Columbia River, USA) under illuminated and dark conditions. 

Migrating smolts entered one of two available treatment channels as coherent schools 
rom which individuals would either disassociate from the group and pass over the weirs, 
r would reject them by swimming upstream. Alternatively, fish maintained position at the 

upstream end of the flume by swimming into the flow. The response of smolts to velocity 
and depth gradient and light condition varied between species, and route of passage 

as influenced by fork length. Initial channel selection and school size was not 
influenced by weir type, although schools resided longer within the short-weir channel. 

he majority of smolts (70%) entered the treatment channels facing downstream 
(negative rheotaxis), but switched orientation at the crests of the weirs. This switch in 

rientation occurred farther downstream in the short-weir treatment and for the largest 
molts. The variation in response of different species of smolts to hydraulic gradients has 

important implications for the design of screening mechanisms used at hydroelectric 
power installations to divert migrant juvenile salmon ids. 

None 

uvenile rainbow trout were exposed to 25-400 µg copper _L-1 for 24h. Water hardness, 
pH, and alkalinity were varied independently at a constant [Na+]. Net and unidirectional 
odium fluxes were measured in hard and soft, low-alkalinity water and in hard, high­

alkalinity water at neutral pH and pH 5.0. In low alkalinity water, Na+ uptake (Jin) was 
inhibited at copper concentrations as low as 25 µg_L-1

, and sodium efflux (Jaut) was 
ti mu lated above 100 µg _L-1

. High-alkalinity water significantly reduced the effects of 
opper on Jin and Jaut but there was no significant effect of increasing water hardness. 
he effects of pH 5.0 and copper were additive from 25 to 100 µg _ L-1

, but a pure copper 
ffect was found from 200 to 400 µg_L-1 . Fish died when they had lost about 50-55% of 
heir exchangeable Na+ pool. Water hardness and alkalinity had no effect on the 

apparent uptake of copper, but copper uptake was reduced by about 50% at pH 5.0. 

EPA-7609-0000586-1712 



e analysed tne, benthic macroinveite~rafe sJ)ecies composition, tax~nomic ncfiness •(as 
~Peftedrichness for 100 indMqllals}; total ¢ib1.mdance anel bi~rnass at 1 ~7 ~treamsites 

in the provi.tlce of Dafarna. Partial teastsq~are~ regres,sion models were constcuct~d 
· rom observations on undisturbed si~es .arid used, to prediptthese community para01eters; 

t sites eX:f)Osed to elevated levels ~f copper, zinc, lea.d and cadm,lum resulting• from 
leakage from,otd mine depositS. Species Jichness.at undisturbed sites was P?sitively 

lated to th:e si~e ·of the c~tchm~nt, i:>,td, channel wldt~. ~lcium cpntientratton a~d ttie 
ropd'rtion of clecJduous tree,s in, the riparian zone; ln streams witn elevated metal 
oncentrations,. w~ found reductions in taxonomic rtchness for total macroir:tvertebr,ates, 

mayflie~, stone~ies and com,oined EPT (Ephemeroptera. Rlecof:}ter~ arrd Trichopter~), 
t.for that of Trhchopte.ra nor total abundance or bio01ass. Copper~nd.Zinc. were 

se ~t~ls .showing stro,ngest negative associations, with richness,. Some taxa, 
m010~ at Uf)disturbed sites, were missi~g atmetal-poltuted sites •. Jhese taxa were tfie 

mayflies Am:eletus in,opinJ1tus,. Sph:emere1r,a a.urMlfi and Heptagenia ti~lecarlica, the 
· tonefly Protonemura meveri and the c:ad.(:lisfly Apatania sp. 

half-century after mine closure, metal contamination from sulfide ore mining in the 
headwaters continues to impair riparian vegetation and aquatic macroinvertebrates along 
Soda Butte Creek, Yellowstone National Park. A tailings dam failure in 1950 emplaced 
metal-rich sediment at high flood-plain levels, above 50 yr to 100 yr flood stages in 1996 
and 1997. These large natural floods removed only a small part of the contaminated 
ediment through bank erosion; they also failed to lower in-channel Cu concentrations, 

because increased erosion of mine waste during high flows balances increased inputs of 
uncontaminated sediments, generating no net change in concentrations. Geomorphic 
processes controlling movement of contaminated sediments indicate that mine impacts 

ill persist for centuries in Soda Butte Creek and imply long-lasting impacts in similarly 
ffected streams worldwide. 

bis fep()rt,addresses more than a dozerrenvjronmeRtaf fssues ar!si!lg from the 
logical anc;t geochemical cpnditions at the prqposed Pebble Mine, which '!i'ould 
p amet~llic sulfide deposJt in the Bristol Bay drainages of Sou(tlwe's,t Ala~ka. 

hese. dt:aintrg~s pro~uc~ a maJpr .pof1:iOn of the world's sock~ye salmon supply, 
·mportant~ut>slstence use, and recreation. The hydrological and geochemical iss,ues fall 
into two gn~aps. n~e .first is "substantive" issue~ ""'.<e.g. (a) act~ mine d~inage frc>m 
nproce,sf?ed waste and host rock,. mine or pitwalls, taiHngs, taff/ngs storage facilities., 
m:I dust; {b) potlutionfrom chemical~ used in processing ore., ( c) polfutron trom ruefs, 

s, greases and. antjfreeze; (d}. poUu{ion from res:i~ues, ?f .e.xp!osi\f'es;. (e) .chemica.l and 
ogi~al pollution from sewerage treat01ent facilitie,s;(f}.pollution from herbicides, 

ides. a~ci road .deicing c,ompounds; etc. Jhe,seconil group is ~procedural" iS,s,ues. 
hey result "f?~m (a} inadequate liiata {or decisions notto release all oa:tat particul.arly on 

matters related to hydr~logy and chemical compositions of rock •. potential ~ret waste 
ock, tajUngs, ~tc; (b} Inadequate samplinp techniques, ~nd inadequaie protocols for 
preseriling fielasamptes or g~tneringfield or ,f~b .data; etc. Tue procedwralis~ue~ we'ave 
flrougtrout th,esubstantive issues iiind undermine theat>Utty O"f.the public andtneir 
gencies tq um::ierstand the p~tential, significant environmental fm~<?ts, particufarly to 
at.er ana fish, which will res[:'lt frarh.PebJ:>le. Mi~e. This. reportconcludes that significant 

impac,ts to some of tne world's most irnftortant fisheries are fikel}'. 
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6: 3455-:346'2 

Mineral extraction, whether it be by surface or underground mining in their diverse forms, 
affects salmon ids and their habitats in many ways. Increasing public awareness of the 
value of aquatic resources has led to legislation designed to protect, restore, or enhance 
areas that have been or will be mined. This positive trend has also led to a growing body 

f knowledge about the specific effects of mining-related pollutants on salmon and trout 
and the mechanisms by which habitat degradation may be reversed. Some of the 
adverse effects of mining on salmon id habitats are obvious. Placer mining converts 
natural streams to channels between barren rubble piles; hydraulic mining erodes 
hillsides and deposits the eroded material into nearby streams. Road building and 
removal of surface vegetation may also contribute to direct streambed disturbances and 
ediment influxes. Other influences, however, may be less obvious and much more 

insidious. One of the principal and most persistent results of mining is acid mine 
rainage. Both orphaned and currently operated mines may contribute acidic drainage to 

nearby waters. Acid production can occur in coal deposits by the generation of sulphuric 
acid or through the action of oxidizing bacteria on pyrite, a common component of the 

ranitic material in which many western ore deposits occur. The consequences of acid 
rainage are many and they are expressed in a variety of ways. If pH levels are 
ufficiently low, fish populations may be reduced directly through fish kills or less directly 
hrough reduction in the viability of individuals, their gametes, or their progeny. Aquatic 

invertebrates, an important source of food for many salmon ids, may also be affected by 
acid drainage; they may be directly poisoned or their habitats may be degraded by 

eposition of ferric hydroxide. In addition, the toxicity of many metallic poisons is 
increased at low pH levels. Tailings piles and settling ponds also may contribute 
pollutants. Cyanide, a highly toxic chemical that is often used to recover gold, has 
ometimes entered streams through failure of settling ponds. Acid drainage through 
ailings piles contributes metallic pollutants to nearby waterways. Many metals (including 

arsenic, cadmium, chromium, copper, iron, and uranium) that are either the object of 
mining or are associated with extraction of other minerals are highly toxic to fish, and 
heir toxicity may be greatly influenced by pH. In many cases, metallic compounds are 

relatively insoluble in natural waters that are of nearly neutral pH, but become 
increasingly soluble as acidity increases, thereby increasing the concentration of toxic 
metal ions. 

he Richmbt}d Min,e of the 1ron Mountain copper deposJt contafns. some of the rnostacid 0 

waters ever. r~port6d. \t,'alties ofp!-1 have been measured as fow .as -3~6. cor111!!ned 
ccmcentrati9ns as highas 2:00 gllitei:, and ~ulfateconcentratkm~ as high as 760 

llitaic. Copiot1s. quantiti~s of, soluble metal sulfate salts sµch as melanterite, ~halcanttiite, 
oqu/mbi~e., mombocl~se, voltaite, copiapite, and hal~tri~itehave been rde~tified, and 
ome of tl)~se ~re foicming from neg:attve-f)H mine w~ters: Geochemical catculatior:ls 

· wt~at, und~r a mine-"plugging r:mediation scenario, these salts would dissolve arid 
resultant 600;QOO-m3 mine,~()Ol would hf:lvea pH.of1 or less and conta.1n several 

s of.di~solved metals pef liter, much tike the currentp0rtal .effluent water. In the 
of plugging. or.other at:.source co~tf()I. current.weathering rates tndicate that .the 

I effluent wiU :c?n,tinue for approx:ifT!atety 31ooq y~ars; Other remedi@I actions hav~. 
e~tly reduoed m~ta/..l~aCls into ~ownstream drainages and the.~acramento River, 
·maril}lby ~pturtn9 the major acidic discharges and routing them to a Um~ 

eutraltzation pl~nt. lnQt:>rporafion Of geoC:Jlemical modeling ,and. mtneralogtcat e~p~ftise 
the de~rsion- making process ~orr,emedration can savetlme, save money, an<it 

the likelihood of deleteri0us consequences. 
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51 his report presents the preliminary findings of the 2004 study of metal leaching/acid 
rock drainage (ML/ARD). The results presented in this report are for: 
• Static acid-generation testing of rock core obtained prior to 2004 (including previous 

rilling by Cominco Alaska), 
• Element scans for core collected in 2004 from the Tertiary cover rocks and periphery of 
he deposit near the eventual pit walls of the mine, and 

•Static acid-generation testing of metallurgical waste products and water-chemistry 
analysis from process flowsheet development. 

he report does not include results from leach tests and kinetic geochemical tests which 
are currently underway. As such, the data obtained provide an early indication of the 
possible geochemical nature of mine wastes but do not allow water-quality predictions to 
be provided. 

'.None 

Stream temperature is an aspect of water quality that affects every aquatic organism. 
et taking that temperature is not as easy as it may seem. Placing a thermometer in a 
tream and recording the reading are simple enough. The problem is that the result does 

not represent the entire stream, whose temperatures vary markedly over both time and 
location. Instead of a single measurement, what is needed is a set of measures that 
escribes a stream's "temperature regime." Even then, the process is complicated. Many 
actors affect the temperature regime, including climate, riparian or stream bank 
vegetation, and channel form and structure. The factors with the strongest influence vary 
rom time to time and place to place. What's more, patterns of variation in stream 
emperature differ depending on the timescale of observation and the size of the area 
ithin which temperature is measured. For instance, variation in stream temperature 
ver a single day is apt to differ from variation over an entire year. Similarly, the patterns 
f temperature observed within a single pool or riffle in a stream are apt to differ 
ompletely from the patterns observed along the entire stream course. Stream 
emperature regimes are difficult to quantify, but available evidence suggests that stream 
emperature regimes in the Pacific Northwest are now typically different from those that 
xisted before Euro- Americans settled the region. Evidence further shows that a variety 
f human activities often are responsible for changes in temperature regimes over time 

and that the effects of human activities often are cumulative: individual land use activities 
hat alone would not substantially alter stream temperature can do so when combined 
ith other activities or with natural disturbances. Alteration of these regimes in turn may 
ontribute to a decline in the family of fish known as salmon ids, which until recently has 
uccessfully adapted to historical variations in stream temperature. In many streams 
here large salmon runs once were typical, the temperature regimes now appear 

inhospitable. Thus, from a scientific perspective, restoration of temperature regimes 
ompatible with desired populations is an important factor in their recovery. 
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152{2): Blt.6"'.852 detaited search amt re-evalwatio~ o{the, k~o\?/n historical. cases of taHlrrgs da,m.fallure 
as car:ried out A. corpus of 147 ~ases ofw:ortdwide tailirrgs damcJisasters, from:wt:Jich 

ated in Europe, w~s compiled In adafabase. This contains six sections, including 
lo~tfo~; its ·physi(}'al .and constructive charactertsties, actual aodputative.faU~re 

a1:n~e, sludge hydr,crf;fynamics., ~cio-e<rortomtdal consequences .and e~vironmentat . .. 
impacts, Europe ~nks in s~cond pla~e in re~orted accidents (18%), more, than 011e 1!1ird 
f them in dams 10-:20 mhigh: In Europe1 t,he most common cause offaHtJfe is re .. lated 

o unusual 1ttin, whereas there ~is a lack of Qccurrences associated with.seismic 
liquef8,ction, which i$ the seco?d caus~ of tailingsd~m breakage elsewhere in. the world. 

oreqver, ove~ 90% of incidents o,c~urredin a~tive mines, ~rn:l only 10% refer to 
lab1:mclorn~d r~onds. Th~ results re~ched by this preliminary analysis .show an urgent nee,d 
o.rEU regufaiions regar:din~ technical ~tanda(ds of talliflgs disposaL 

Local, short-term dispersal by the U.S. federally-threatened leopard darter, Percina 
pantherina, was examined in the field and in the laboratory to assess the possible effects 
f natural versus man-made barriers on movement. Mark-resight studies were 
onducted in two summers at sites in the Glover River (southeastern Oklahoma, U.S.A.). 
tone site, patches of 'preferred' habitat were separated by a natural riffle; at the other 
ite, by a low-water road crossing with culverts. At the natural riffle site, darters moved 
ownstream across the riffle, but also moved upstream into deeper water when water 
emperatures exceeded 29° C in the 'preferred' habitat. Use of deeper, cooler waters by 
his species in late summer suggests that thermal refugia may be important habitats for 
he long-term management of leopard darters. At the Road Crossing site, all 
ocumented movement was in a downstream direction, and at least two darters 
raversed culverts in the low-water bridge. Laboratory studies of movement across 
everal types of culverts suggested that culverts significantly decrease the probability of 

movement among habitat patches. 

Nia None 

14(4): 969-974 lthough excessive loading of fine sediments into rivers is well known to degrade 
almonid spawning habitat, its effects on rearing juveniles have been unclear. We 
xperimentally manipulated fine bed sediment in a northern California river and 
xamined responses of juvenile salmon ids and the food webs supporting them. 

Increasing concentrations of deposited fine sediment decreased growth and survival of 
·uvenile steelhead trout. These declines were associated with a shift in invertebrates 
oward burrowing taxa unavailable as prey and with increased steelhead activity and 
injury at higher levels of fine sediment. The linear relationship between deposited fine 
ediment and juvenile steelhead growth suggests that there is no threshold below which 
xacerbation of fine-sediment delivery and storage in gravel bedded rivers will be 

harmless, but also that any reduction could produce immediate benefits for salmonid 
restoration. 
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127: 537 -344 e use~ mark-recapb.1re ~ctiniques to examine<the e~ects of four types of r()a,d 
rossings on fi~hmovementduring spring base flowsandsummer low ~o~ in :,~mall 
treams of the Oyacnita Mountain5,, west-centrat ArR~ns.as. \fVe assessed movement for. 

· .1fish species. inse'[en familie! thr()ugh c1.1h1ertr slab;ppen-box, arid f(:.Jrd.cros.$ings:.and 
hrough natural ~eaches. We detected no season~\ or dire9tional b~as in fish lllovement 

··nroughany crossing~Re ortne nat~ral r,eaches. 011eral[fish/JTI0Ve,mentwas anorderof 
lllagnitude lowerthroug.h. culverts than thro,ugh other.crossinQs or.natural re~ches, 
xcept no movement wa~ detected through .. the slaQ cros~ing. In contrast, open--box and 
ord crossings sh~wed little dtfference from natural reaches in .overall move"'!en~ of 
1shes: Numbers of.speci.es that traversed crpssings and movement within three of four 
omi11ant fish farpfUes.(Gentrarchidae, ~yprinidae, and Fumlulidae):atsowere reduced at 
tllverts relative to tordand open--b:o~ crossiiYgs and natural reaches .. In .~Pring, retention 
.f fishes was ~onslstently highest in stream segments upstream of crossings and 1.owe?t 

in i;J°,wnstream ~egments forau crossing types, a response attrit)uted to scouring 
ssoc.iated witfl spring spates. Water velocit)' at crossin,Qs w~s Inversely related to fisli 

··· moveme~t; culvert crossings consistently h~d ttre highe,st velocities anti open~bOx 
sirtgs ftad the lowe,:st. A key requirement for.lmproying ro~d crossing cte5iQriS for 
u.,stream fish .passage wm be determinatio,n ofcritical levels of \l?'ater v:e1ocity through 

rossings. 

otal dissolves solids (TDS) are naturally present in water or are the result of mining or 
ome industrial treatment of water. TDS contain minerals and organic molecules that 

provide benefits such as nutrients or contaminants such as toxic metals and organic 
pollutants. Current regulations require the periodic monitoring of TDS, which is a 
measurement of inorganic salts, organic matter and other dissolved materials in water. 
Measurements of TDS do not differentiate among ions. The amount of TDS in a water 
ample is measured by filtering the sample through a 2.0 µm pore size filter, evaporating 
he remaining filtrate and then drying what is left to a constant weight at 180°C. The 
oncentration and composition of TDS in natural waters is determined by the geology of 
he drainage, atmospheric precipitation and the water balance (evaporation­
precipitation). The mean salinity of the world's rivers is approximately 120 mg/Land the 
major anion found in natural waters is bicarbonate. The most commonly occurring cation 
in fresh water is calcium. Changes in TDS concentrations in natural waters often result 
rom industrial effluent, changes to the water balance (by limiting inflow, by increased 
ater use or increased precipitation), or by salt-water intrusion. It is recommended that 
ifferent limits for individual ions, rather than TDS, be used for salmon id species. These 

limits should be based on the effect of the ion on fertilization and egg development. 
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: 5.13-519 

120: 98-105 

n February .200~ •. theus•supreme Ceurthtrard ca:sesth,at may'affectwhether 
intermittentstreams.are]uriS'~tctie>,nal waters u~der tile Clean Water Act In June 209'6, 
owever, the cases wf$re remanded t°, t~ecircUit ~oun,; leaviJ!9 .• the status of intermittent 
treams uncertain once again. T:he presence of c?mmercfal species, such as. c:oh:o 
almon (Onqorhyncn1:1s kisutcf'J), er.an be an important conslder,atron wh~n determini.ng 

'uriS,diction. Thtrse salmon spaVlfn in the upp~r portions of Oreg~n coastal stream 
etworks,.wh~r~interr:nit,tentstreams.are co~~qu. In .o,ur'stud¥'of a c~as~I o~~gon 
aters.hed, Vie found~itrattntermitt~mt streams we,re, an important s,ource ofcoho salmon 
molts. Residual po,ots iQ intermittent streams provided a, means by which juvenile coho 
oul~ survivE?:cturing dryp6,ri()ds; smott~ thatov~rwintered in intermittent streams were 

larger tllanttrose from perennial streams .. f1Aovement of tuvenfle cono into .• intermittent 
ribu!ariesfrom th~ maipstem V!fS~ an0ther way .in which the fish. ~xploited the .habitat and 

tUustrates the importance of maintaining accessibUityfor entire stream networks. loss af 
intermitte,nt stream habitat would t:ra.:ve a negatiye effect on coho sa1rnor1populations in 
oastal .drainages, lf1Cftfding. downstream navig.abfewaters< 

spatially intensive survey in 1989 of 52 sites in the Red River drainage in southwest 
Oklahoma and surveys in all years from 1978 to 1987 on four sites in the drainage 
provided evidence that construction of Altus Dam on the North Fork of the Red River 
aused major changes in fish community structure in the river above the dam. Pre­

impoundment data on the fish communities were scanty, but the inferences they allowed 
ere similar to those obtained by comparing fish assemblages in the North Fork above 

he dam with assemblages elsewhere in the drainage, particularly along Salt Fork, which 
had similar habitat characteristics. Twenty-five species were collected in the North Fork 
above Altus Dam, compared to 33 in the Salt Fork and 34 in the North Fork below the 
am. The speckled chub Macrhybopsis (formerly Hybopsis) aestivalis and the chub 
hiner Notropis potteri were absent in the North Fork above Altus Dam but fairly common 

in similar streams elsewhere in the area. The plains minnow Hybognathus placitus and 
he Red River shiner Notropis bairdi were among the most common fish species found in 
outhwest Oklahoma, but were not collected above Altus Dam in the 1989 survey and 
ere collected only intermittently and in small numbers in the long-term survey. We 
peculate that these two species have repeatedly been extirpated and have been 

reestablished as bait-bucket introductions since the dam was closed. Upstream of the 
reservoir, the sand shiner Notropis stramineus and the emerald shiner Notropis 
atherinoides replaced the plains minnow and the Red River shiner as dominant species, 
and several reservoir species were more common. Significant negative association at 
wo long-term sites suggested that the sand shiner and Red River shiner were filling 
imilar niches. 
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128(4):. 699-106 he South .Fork basin of the Coeur d'.Alene River,· 1daho, has been an a~ea of heavy 
mining activity. stnce .the 1 SSOs •. The mining .operations hav~resultect, in eJevated .·· 

··· oncentra~ions ofmetafs in surfac.ewater, most n9tably cadi;nium, lead, zinc, and; to a 
lesser extent, copper. Tbe metals affected surface INafer quality dpwn.stream l~ the 

oeur d'Alene basin'and are suspected to b,e one of tl;le primary re,asons forthe 
eduotton io populations ~f native .westslope cutthroat trout Oncorf1¥nchus clarki lewisi. 
he avoidance response ofa surrof)ate species, Snak~ Rivercutthrpat trout O. ctar~ 

0 unnamed ~ubspecies~, was ev~luate,d against conditions Simulating thd~e i~ .the Coeur 
~Alene FUver basln. Cutthroat trout ~:'oided .a. metals mixture ofthese concentrations~ 
d {0.30 µgt!;,), ~u(6~0 µg/L), P~ (0.61,l~IL), and ~n ~28µg!L),. The avoidaf'lceresponse 

oeitn.er Cu or Zn air.me was similar to tlie avoidance response to. th~ mixture, 
14ggesting that a~oi<tance 1o the rmxture was due to ttrese.meta/s.~After aQclimatlof'!lO 
.n at 55 µglL for 90 d, cutthroat trout detected ans preferred a. lower Zn con~entration of 
8 µgtL Jne .lowest in ctmce~trations a~oiCled (ZS µg/L:} were 116 to 1/78 tfle Zn 
ncentrations rneas~red inth~ South Fork and ~ower Coeur d'Alene River, basins. 
~oidance (;)f metals-contaminated habitats by cutthroat trout may be, in part. 

esponsible for.reduced fish populations~ 

Combined stream survey data for 2008 - 2010 indicated salmon presence in 3 of every 4 
headwater streams of less than 10% gradient draining to an anadromous river, including 
treams on top of the Pebble Prospect. Rearing salmon were documented above dry 
tream reaches and in waters disconnected from rivers suggesting salmon access such 
ites during annual floods or via subsurface groundwater channels. Non-salmon species 

important to subsistence, such as Dolly Varden char, were found in 96% of streams 
urveyed. A total of 168 km (104.3 miles) of previously undocumented salmon streams, 
ere nominated for the first time to the State's Anadromous Water Catalog. The State 

accepted all 2008 and 2009 new salmon stream nominations, available at 
(http://www.sf.adfg.state.ak.us/SARR/AWC/index.cfm) and 2010 nominations are 
urrently under review. Aerial survey data verified adult salmon presence in an additional 

358 km (253 miles) of streams and rivers that needed confirming data. This study 
underscores both the importance of headwater streams as essential rearing habitat for 
almon and the lack of basic ecological information for two of the world's most productive 
almon systems, the Nushagak and Kvichak River watersheds. 

9(5): 1 (}23'." 'foat J;:llvir<?nmentat }m~acfs of a¢icf mine drainage (AMO) from Oexing Copper Mine, the 
largest Ofi>'en pit copper mine. In Asta, on L.e An Riyer were weH cjocumented 1 Oyeans 

g.o. rtow~ver, ore produoti()n of the miQe hasJncre~sed fourfoft:I and the .e?ntamination 
i~uation Qf the river no! is .. unknown. Ourst~dies.ln.tlicated that heavy metal. 
once,ntrations in riv~ryqaters {dJssolv-ed),suspended solids (~SJand sediments all 
hQW;ed highly t11calizeodistributionpattern$eloselYassociated with twoAMO­
ontamtnated trrbutaries (Dawu. River filll? Ji River) and a~ significantly different fr?m, the 

previous findings. Compared with the previol.,l~ rePo11sr most Of the sampling. sites Jn Le 
n Rfverdisplayed IOWercont,ents of~edimen~

0

of2005 tiecausesev~rathistorical 
pstream aFid down$t:eai;n heavy me,tal so,urees dis:appeared (i)r became ~nji;nportant, 
he Sljrpr!sed ~ecrease of copper contents in seqiments at the mixing l()oation '!"ith 

pawu River was mainly due to difuticm,ftomttle suffifilent. input of poor copper ore 
<0.3:%,). 
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N/a None 

he. scope pl this report is fi[l)ited to ass,es~r:nent and analysis ofchernicalre~c,tions 
elated to drilli£lQa,f'ld seismic s1.1rveys tnat fiav.e the.potential to f[l)pactwater resources. 
In general, contamination of surface w~ter may occur th.rough: fuel spills fromdrills and 

ate.r pumps, surface discharge ofdrillirrg fluids; breakdown .pr,odudts o,fdri!Hng 
hemicalsi ~hemica:' reactions with drill cuttings, ~nd ~mnipnia ftom seismic charge~. 

· o~taminatio0. of ~roundwater may occur through: Introduction of grout,ctay, f~el, and. 
rilling additive~ in,to holes and wells; improper cl~sure of ~rm hotes, parti~ufarly in 
q!fidic host rock; cttr,ect inf:i:ftratr~n ofdrilHng chemicals and driHcutting metals from 
n.llnE:Jd .. mu.ct pi~ .e><®:Vl3.t~cl.Witt1i!1 .. 9r Jo imm~{ji;:lt~ pre>){!mity tg $1l13Ue>W 13quifE)r~. 
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None 

EPA-7609-0000586-1722 



None 

None 

ddresses the impacts of roads to salmon id rivers in headwater streams. 

None 
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None 
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None 

None 

None 
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None 

h,e. article re,vievvs data op. mining waste,generate!t tom active and inactive mining 
+tes in the ~estem U:S. ~he review revealed ttlat innine st~tes ov~r 2,500 .miles of 
u~facewate~ayswere lrnPa?ted bXAME>. ()f thi.s total ~rea, appro~imatety $5 percent' 
as attriQutedto c,opper,Jron tl>re: uranium, and phosjllhate .mining activities. 
pproximately onedialf of the wastegener:ateti w:as mining·rockwaste and.one-third 
as tailings, with. the balance consisting oftfump/heap leaching wastes and mine water. 

None 
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None 

None 
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None 

None 
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ddresses the impacts of roads to salmon id systems including extirpation of salmon 
resulting from low genetic diversity caused by roads crossing salmonid streams. 

None 
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his article is frequently cited with regard to fish avoidance of culverts installed as part 
f road construction. 

his.stu,dy review5 ttia. hlstoryand ~ocuracyof)Afaterquafity predicfipns rormajor 'res 
ardrock mines in the United States by Qon:pann~ actual water qualify to fhe pre,dictions 

made inEnvironmental lmpactStat~merits(EIS~) and subsequ~ntfy.identifying common 
~uses of water quality imp.act a,nt:t pre?iction {ailures .. In /addition! an analysis was 
on.ducted to.d~termine if there.w~re inherent r,isk factorsat min~s tQat may predispose 
°, opera{lon to having water quaHty problems. Ofmin~s arialyz~d, 76% nad mining-, 
elated \Afater quality 8,xceedances in, surface or groundwciter. Eighty-nine perce11tof 

l'nines With acid drain~gepred.icfed l()W acid drainage::po~ntial.priortodevelpemerit 
c>nclu,sions are provided about. the effecti"'eness of the under(ying scientific and 
ngineer,ing principles. Li~~Gl.to make v:;ater qualify pr~dicti~ns in EISs'. Finally, 
ec.olilmem:tat.ions ar~ made for regutatory., scieh,tific and engineering ·9pproache~ t~~t 
· outG! .irnpreve the reliability of water quality predictio~s at trardrock mine sites, The 
.ocull'lent may be dQ\'tfnlaaded althe follQwing: Vl(ebsite: 
ttp:/Jwww.mineratpolfcy.org/public~ti~ns_welool'ne:cfm. Pew Jhe rnin~s in their stud~ 
hat developed acid t1r,ciin~ge, almostafl either un~erestimated ot:ignore~ the pot~ntial 
~r a~fd dr~i~age in their EISs .. In terms .of pre,dicted {post-mltigationJ surf~ce .water 
uality impaets, 73% of tfle rnin~s in their study fl:aving surface water qualit~ impacts 

predicted low wate~ quaHty impacts. in ttu~ir initial .EISs, two pre,d:tctecl mdderate impacts, 
nd two tiad no information on post- mitigation impacts to surface water resources .. 

None 
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None 
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Indicates the area surroudning the deposit possesses low buffering capacity and high 
potential for acid mine drainage. 

Pages A..64 '"A-.109 describe. imp8,ct ~f nori-harveist hum~n activites to salmon :fi~heri~s 
i~cluding.mining,road bL1Hding, dam building, waterwithdrawa:I, se~imen,tatiqn, ~tc:. The 
eport stat~s that mining in w,aters~ riparian areas, or flaod pfains of ~tre~ms contain)ng 
r influencing sa,lmon spawning arid .rearing habitats. shouli'i be a'Wided. 

he article discusses the importance of tributary and groundwater temperatures and 
interconnection in maintaining water temperatures critical to salmonid growth. 
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h,e article ptovidEfd a detailed ~earch and re.-~vat1Jation oHh~ known historical cases of 
ailFngs darn failures wortd.:wid.e,Their review of th~ .dam faflµre d.atal)ases {i.e., 
ll1tern,ationaLCornmission on Large Darns {ICOb.DJ, l.J.S: c,ommission.~nlarge:Dam5 
USCOLQ}, .USEPAand UN Environmental PrCJgram) revealeqth~t 147 .cases ofworJc:f:. 
ide tailings dam dissasters have occurred. In Europe., the mbst@r,evat,ent of the .15 .... 
itt:erent failure causes was associated withunusuafly hrgh rain. eventS. They also noted 
hat failu,res attributed to. weather events (ioetudlng .rainfall, hurric!ines, rapid snowmelt 
nd ice ~ccun)ulatlon tn tail.J,ngs dam) may also be ass()ciated w1th o~ertl9V!f/Overtopping, 
eepage, foun~ation faflure or bad. impo~nc:f ment man,agement. Out~ide 'of EuroP:e, 
eismic liquefaction rank~d as the secc,:mdc;aus~ oftaiHng~ oarn failure. They note.el that 
ver 90% oHhe incidents occurred inactive mines. 

Highlights the risk factors to fish migration of culverts associated with road construction 

None 
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Highlights potential risks to fisheries from road and dam construction 
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Over the past decade, accelerating rates of species extinction have prompted an 
increasing number of studies to reduce species diversity experimentally and examine 
how this alters the efficiency by which communities capture resources and convert those 
into biomass. So far, the generality of patterns and processes observed in individual 
tudies have been the subjects of considerable debate. Here we present a formal meta­

analysis of studies that have experimentally manipulated species diversity to examine 
how it affects the functioning of numerous trophic groups in multiple types of ecosystem. 

e show that the average effect of decreasing species richness is to decrease the 
abundance or biomass of the focal trophic group, leading to less complete depletion of 
resources used by that group. At the same time, analyses reveal that the standing stock 

f, and resource depletion by, the most species-rich polyculture tends to be no different 
rom that of the single most productive species used in an experiment. Of the known 

mechanisms that might explain these trends, results are most consistent with what is 
ailed the 'sampling effect', which occurs when diverse communities are more likely to 
ontain and become dominated by the most productive species. Whether this 

mechanism is widespread in natural communities is currently controversial. Patterns we 
report are remarkably consistent for four different trophic groups (producers, herbivores, 
etritivores and predators) and two major ecosystem types (aquatic and terrestrial). 

Collectively, our analyses suggest that the average species loss does indeed affect the 
unctioning of a wide variety of organisms and ecosystems, but the magnitude of these 
ffects is ultimately determined by the identity of species that are going extinct. 

~acific.safmon.and other anf{dramous salmoriids rep.resentamsj<>,rvector for 
f:ansporting marine ~utri~n,ts across ecosystem boundaries fi.e,, f!"om marine m 
reshwater and .terrestrial eco~yst,~ms). Sa .. lmo11 carcasse~provide. nutrie11ts anp energy 
o biota within.aquatic and terrestrial ecosystems throtrgh various pathways. In this paper 
e re'lliewand synthesiz~ the growing number ofst~di.e!;l documenting fhis process in 
iff~~r~nt locanti~s. We aJso disc~ss the implic;atiens for maint<;tining the nt1trienffeedback 
ystern,. Our findings sh~w.th:at future management wm need toviewspawning ~~lrnon 
nd toeir carC,asses •as important habitat components for sustaining the.production offish 
s. well as. attier:S:ialm<:>o .... d~Pefident :Species W.ithin watersl"l~ds. 
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1 as: 1201 :-1219 large and gtowing body of literature has ctpcum,~nted the tr~nsfer of mari~e:-tlerived 
utrieots from the ocean to freshwater, and. ripai:ian systems by se~lparous Pacific 
1:11.mon Onwrhynchusspp. The patn1:"ays by which these nutrients reach residen~ fish 
re often indirect, am'.I th~ evidencefor~!f~et b~nefitl> ~o the .. residentJish is notaf¥fays 
onclusive. However, the. consumption~of s:~lmon tissue ·(in one. formoranother) by 
eside~t fish w,:ould constft1Jte a directand efficjen,t .J?athway f(.)r energy transfer. We 
tudi.aCJ .a popt,.ifatiqn ?f small-,ti(ld1ect, ·non~nadromobs ~oily V:~rden Salvelinus malma 
eeding on the f!y and eggs of sockeye salr,oon O .. ~erka and blowfly (family 
alliphoridae? larvae that had fed on satrn?n carcasses ata. series of 5prln~-~d and 
thf!lrwise unproductive ponds .in• southwestern ~lask:a. T~e D(.)lly yarden fed heavily on 
ockeye ~almon f!y when avai!~ble, shifted their diet almost exclusively to e~gs a,tter 
almon spawni11g commenceaz and then shifted t-0 blowfly ra.rvae toward the end of the 
eason: Dolly Varden l~rge.eoough to eat eggs r110~d into ponds~heresQckeye 
alm9n spa',Afn synchronously ~ith the arrival of tfte salmon, am:I Dotly\/arden g.ro~i1 

.. ates incre~sedgreatlyonoesalf1100/sggs and blowfly maggots were.available: Young-of~ 
he-year Dolly V~rt:Jen/whicf\ .were toosmau to e.l;)t eggs and fry, ~ere. concentrated in 

· mall streams between POf!dS where fewer sockeye ~(:llmon spawn., Perhaps to mirtimize 
he risk of prEJ'd~tion from larger con$peclfics .. These results irfdcc,ate the imP,ortance of a / 
pul frnon~retated fo~d resources for this, population ofresi?ent fish "and t~eir 

to. take advantage ofthese resollrces. n is tikely thafsimitar depen(len~e 
ccursinother srstems:vher:e sockeye .salm,on produce a suite of 1empc>rallY pre,dictable 
nergy resources; thus, resident fish may qepend onJarge populations of salmon. 

he study examined two competing hypotheses seeking to explain the Kvichak cycle: 
(1) existence of a depensatory agent independent of the fishery and (2) depensatory 
ishing. The first hypothesis was implicit in the status quo harvest policy. Available data 
ere analyzed to evaluate the alternative hypotheses. Little evidence for direct 
epensatory mortality independent of the fishery was found, however, production was 
epressed in brood years following large escapement brood years. In addition, the 
ishery itself was found to be extremely depensatory. A stochastic empirical computer 
imulation model incorporating processes found in the data analyses was used to 
xamine the consistency of brood year interaction with the depensatory fishing 

hypothesis and historical cyclic patterns in the Kvichak run. The model predicted weak 
yclic patterns in the unexploited run and strong cyclic patterns, consistent with the 

historical patern, in the run exploited under the status quo harvest policy of cyclic 
scapement goals. The model was then used to evaluate the alternative harvest 

policies. There were almost no differences in simulated catches under the status quo 
and static fixed escapement goal and static rate of exploitation policies. Substantial 
increases in simulated catch occurred with a dynamic policy of alternate years of high 
scapments following years of low escapement. This harvest policy can be phased with 
he cycle of resulting runs based on a forecast of future runs. The study suggested that 
he present Kvichak sockeye management policy should be altered by reducing the 
prepeak escapment goal and establishing a second peak cycle run. 

e constructeda patcttdynamics modelwhich .. can be 1,1sed to .simulate the changing 
of i:esid~ntp9putations in a seri~s of interconnected habitat patG~es. We ctpptied 
ottel to '11\(hite:-footed mice (P~romysc.us lttuc~pus) inhabiting patches of f~rest in an 

urtwral tandscape .. The .model prE;dicts tl:lat mouse populati~ns in isotate:a '11\(0odlots 
e l(.)w,:er 9ffi)Wth rates :and are thus more prone to extinction than those in connected 

oodlot$,field data support .this.prediction, 
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52(10): 917-928 Because of the burgeoning interest in salmon, growing indications of their ecological 
importance, and recent calls for management to consider the role of salmon in aquatic 
and terrestrial ecosystems (e.g., Larkin and Slaney 1997), we take this opportunity to 
review what is understood about the function of salmon as key elements of ecological 
ystems. Our objectives are twofold. First, we expand on previous reviews of salmon 

(Willson et al. 1998, Cederholm et al. 1999) to include recent research that has amplified 
and modified earlier ideas about the contribution of salmon to ecosystem processes. In 
oing so, we describe the composition, magnitude, and distribution of marine inputs to 
reshwater and terrestrial systems via salmon. We use an expanding group of studies 
pertaining to stream nutrient budgets and salmon physiology to construct a schematic 
hat illustrates salmon-derived products and the pathways by which they enter and are 
retained in aquatic and terrestrial food webs. We then consider the ecological variation 
associated with salmonid ecosystems and how this may influence the ecological 
response to the salmon input. Second, we consider how this variation in ecosystem 
response may influence management and conservation efforts. We conclude by 
uggesting new research directions to help fill the gaps in our current understanding of 
almonid ecosystems. 

9: 379-3$3 Pacifibsalmon onqothrrrcht(s spp. play~ central role in coastal ecosy~tems ttratrir,TI the 
North Pa~ific Ocean. Gi~en the ecological, cult~ral, and ecqnomic importance of Pacific 
atmon, ther~ is gre~t interest in defining tf:le magnitude and tre,quency of chan~e in 
hes~ fish stocks. Fisheries scientist$, tf:lrough. analyzing harvest records, have 
emenstrated pronounced .salmon production variability. The causes underlying such 

~marked fluctuations. are. currently d~b"ated. aollating harvest records across a proad 
ag:aphic ra,nge over the past -so years, fisheries scientisfs.haV:e advanced .a f?IB!:Jsible 

~9Uf!1Emt that ~tlmate-induced .. oceanographic changes explain ~ si~nificant fraction of 
tie V<!:lriafion in salmonc!iltchrecords. liowev~r;.~itf:lout.datathatpre~ate the 
iotro9uctionoflarge"'.scale human interve,ntions (e.~., commercial harvesting, dams, 
atche!'y refei:fses), it is difficult to isolate the role of clirn~te In sl:laping fish stock 

mies: Witf:lin tf:le past decade, however, we have developed a paleoHrnnologicat 
ach for tracking past sockey~.salmQn 9nc0Fhyncht1s~rre:rka p~~Ulat!on ·~ .. 
ances, an:d numerous papef1S Mve appUE:Jd tftfs apprcracn to inf~r cha:n.ges lh these 

over the pastht,mdreQ.s to thousands of years)·iere, we P[Ovide an avervieyv oUhe 
pproach .and a synthesis of tf:l~ work that .• has t>een c()nducte~ in. this field to date. It is 
fear that numerous sockeye salmon po:pulationshave undergone:prono(!nced changes" 
ven pri?r to hu.man interventio,ns.•Furthermore, (racking salmo!'l popufatipns over 

mfHennial t,imesd:ales .1Af1th .pa:teolirnnology has reveated~rnod~s. of change ;that were 
previ9usty.Mver imagined possib.le. Sucfl long .. terr,n perspectives Indicate tnat sock:~ye 

on is a reslHent fish species. We note,, however .• tnat yvhe~ natural environm~~tal 
~es are C())ropoi.mded by intense human Impacts, populations have been particularly 

usceptibt.e to extirpation, 
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64 

e used historical cannery records and current escapement and harvest records to 
stimate historical and current salmon escapement to western North American river 
ystems, in order to determine the biomass and marine-derived nitrogen and 

phosphorous levels delivered by adult salmon, and the deficits corresponding to the 
iminished returns of adult salmon over the past century. We have estimated the historic 

biomass of salmon returning to the Pacific Northwest (Washington, Oregon, Idaho, and 
California) to be 160-226 million kg. The number offish now returning to these rivers has 
a biomass of 11.8-13.7 million kg. These numbers indicate that just 6-7% of the marine­
erived nitrogen and phosphorous once delivered to the rivers of the Pacific Northwest is 
urrently reaching those streams. This nutrient deficit may be one indication of 
cosystem failure that has contributed to the downward spiral of salmon id abundance 

and diversity in general, further diminishing the possibility of salmon population recovery 
o self-sustaining levels. 

·Pacific salmon are an important biological and economio rEJsource of countries aftf)e 
North Pa9ific rim. lheyare also a unique group of fisn possessing unusually complex 

histories. •There.are sevrnspecies .. Gf Pacific salmoh, five occuring on both the· Nofth 
merican ami Asian continents .{sockeye, pink, cnum, Chinook, and coho:) ~nd two 

masu an.d amago~ only in Asia .. "the life cy~fe of the Pacific salmon begins in the 
utuinn wh'en the adult female tl~posits e'ggs tflat:are fertilized in grayel beds rn riv,ers or 

lakes. The young em~rge from the ·gravel the fol.lowing spring and .Witt either migr~te 
imm~diate!y to~$alt water .or sp~ndoo~ .or fnoreye~rs· In a riv~r o~ lake .before migrating. 
Migr,ationsjn the ocean are exten,SivetJu~ng thefee~ing and,growingp~ase, covering 
· housands ()f kilometres.. After one or ~re years the maturing adults find their way bac~ 
p tf)eit ho~ river~ returning to their an~stra! breedln~ grounds ~o spawn. fhey die 
fte.r spawning,>and the egg~ in t,hegravel signify the beginning of a n.ew cycl~. Upon 
is theme Pacif(c salmon f1avede~elop~dfnany var,iations, both betweenas weU as 

in sp~cies. Paci~c S~lmon Life Hist~ri~S, prevides.detaifedctescriptipns of the 
.. ifferent fife ph~se~ through which each of the. se"'en species p'ass&s .. Eac~ chaptefis 

ritten/by a ~cientist w~o, has spent ye~rs studying ahd obs~rving a particular ~pecies of 
on: Sorpe of the topics covered ar~ geographic distribt1tion, transplants, treshvvater 

fe,. ocfla:n life,:d8,velopr,rtent,.gro~h, fe~ding, diet,mig~atign,a!ld spawnirig behaviour. 
he te)(f i~ richly supplemented by numerous rpaps, illustrations, colour plates:, and 

and there is a detailed general index;aswefl as a Useful geographicaHnd~x, This 
orum~ brings together for the .first ~me, ·artd .. in a ?ompreb~nsive form, most of toe 
vailable biological intormation on the seven specfe~ of Pac.Ifie salmon .. ltis an 

irrvaluable sour~e of information tor students ia!'fdteachef's, of bielogy~andfishe~es 
~ience, people in the fi5,hing and acC:luaculture inaustry, a:nd interested laypersons ill 
ountries of the.North.Pacific .and.elsewhere. 
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ctive exchanges of water and dissolved material between the stream and groundwater 
in many porous sand- and gravel-bed rivers create a dynamic ecotone called the 
hyporheic zone. Because it lies between two heavily exploited freshwater 
resources-rivers and groundwater-the hyporheic zone is vulnerable to impacts coming 
o it through both of these habitats. This review focuses on the direct and indirect effects 
f human activity on ecosystem functions of the hyporheic zone. River regulation, 

mining, agriculture, urban, and industrial activities all have the potential to impair 
interstitial bacterial and invertebrate biota and disrupt the hydrological connections 
between the hyporheic zone and stream, groundwater, riparian, and floodplain 
cosystems. Until recently, our scientific ignorance of hyporheic processes has perhaps 
xcused the inclusion of this ecotone in river management policy. However, this no 

longer is the case as we become increasingly aware of the central role that the hyporheic 
one plays in the maintenance of water quality and as a habitat and refuge for fauna. To 
ully understand the impacts of human activity on the hyporheic zone, river managers 
need to work with scientists to conduct long-term studies over large stretches of river. 
River rehabilitation and protection strategies need to prevent the degradation of linkages 
between the hyporheic zone and surrounding habitats while ensuring that it remains 
isolated from toxicants. Strategies that prevent anthropogenic restriction of exchanges 
may include the periodic release of environmental flows to flush silt and reoxygenate 
ediments, maintenance of riparian buffers, effective land use practices, and suitable 
round-water and surface water extraction policies. 

classic example. Of :a su~tainable fi$hefy is ttTat targetins:f SjjCKe~ salmon. in Bristol 
Say,Ala~ka, wnere record catcnes have occurred du~ng the last 2.0 year~ .. The stock 
omplex is an amat~amation e>f several h.undred discrete '8,pawning pqpulatrons. 
tructured witnin la~e systems, i!lefividual poputati.ons displa~ diverse li.fehistory 
haracteristics: a:nd l.ocal adaptations to the variation in spawning. an<:1 rea~ng habitats. 
nis bioqomplexity. has enabled the aggregate of populations to s~stain its productivity 
espfte major changes .in >climatic conditions: affecting the freshwater and marin~ 
nvironments .. /during the. last century:. Different geographic ~md life history components 
hatwere .mif1or producers durin~ on~ .climatic. regime tlave dominated during olliers, 
mpha,sizing that the bic:>complexUy of fi$h stocks .. is. critical tor maintaining their resilience 

.. o eovironmentat .ehanQEt 

e quantified the amount, spatial distribution, and importance of salmon (Oncorhynchus 
p.)-derived nitrogen (N) by brown bears (Ursus arctos) on the Kenai Peninsula, Alaska. 
e tested and confirmed the hypothesis that the stable isotope signature (o15N) of N in 

oliage of white spruce (Picea g/auca) was inversely proportional to the distance from 
almon-spawning streams (r=-0.99 and P<0.05 in two separate watersheds). Locations 
f radio-collared brown bears, relative to their distance from a stream, were highly 
orrelated with o15N depletion of foliage across the same gradient (r=-0.98 and -0.96 

and P<0.05 in the same two separate watersheds). Mean rates of redistribution of 
almon-derived N by adult female brown bears were 37.2 ± 2.9 kg/year per bear (range 
3.1-56.3), of which 96% (35.7 ± 2.7 kg/year per bear) was excreted in urine, 3% 

(1.1 ±0.1 kg/year per bear) was excreted in feces, and <1 % (0.3 ± 0.1 kg/year per bear) 
as retained in the body. On an area basis, salmon-N redistribution rates were as high 

as 5.1 ± 0. 7 mg/sq.-m per year per bear within 500 m of the stream but dropped off 
reatly with increasing distance. We estimated that 15.5-17 .8% of the total N in spruce 

oliage within 500 m of the stream was derived from salmon. Of that, bears had 
istributed 83-84%. Thus, brown bears can be an important vector of salmon-derived N 

into riparian ecosystems, but their effects are highly variable spatially and a function of 
bear density. 
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1{2}: 395-401 

9(1 ): 220-244 

e manipulat~d, in.accord with global-warming predictions, the tlierma! regime ofa 
errnanent ijrst-order str,eamnear f or<>.nto, Ontario, Canada. Vj~ examined th~ effects of 
2-3;S"C water:-temper~ture,increase en densities, biomass, ~pecies cof11pc>sition,aod 

fife histori.es. ?f resJdent stream invertebrates. !he stream was dMded :IGO,gitudinally at 
h~ source into two channels, tm~ co171trol and Ofle experimental, and a before and '.after 
BACI) de$ign was. employed such ttlat one pre-rilanipula~i?n year was f9fl0wEfd by 2 yr 
fthe tempera~ure ma~iputation. Cha~gesin the expe£im~ntalthannel following · 
ommencementof the .. manipulation included: (1Jdecrea~ed total t,animal ttenSities, 
·~rtii;~tarty:chironomidae (Oiptera}; (2) eartier onset of.adult in~ect emergence; (3) 
increase9 growth rates and pr~o?iGIJ:s breeding in 'H;:.alella az,teca (Af11Phipoda); ~45 
malter~ize at maturity for Nernoura tris!Jinosa 'Plecoptera} ancfH a~tecra; and (5) 
tereds~x ratios for,:L:.epidastoma vem8:/effrrc,hopter~). These,results f)artiaJly 

borate previ~us labor~tory and. fl~td·sttidies. tto'l\{ever, variation in the responses .of 
diVitfual targetspe,ciecs to the maRiJ1ulation was unex13ected and may have been 

;influenced by the genetic sfructure of local populatl()nS. We concl~ae thaUevels of gene 
tow among 11abita,ts maybacriticalto thedeg!'te of impact seen as,a resultofl:i:trge­
cate thermal perturbation (e,g., glo~al warming). 

e summarized studies on the impacts and scale effects of negative (competition, 
predation, parasitism, herbivory) and positive (mutualism, commensalism, indirect 
acilitation) species interactions in freshwater benthic habitats since ,1986 and focused 
n organisms with mainly or entirely aquatic life cycles. Benthologists publishing in J­

NABS have contributed robustly to our overall knowledge of predation and herbivory but 
less so of other species interactions. Predators can limit the abundance of benthic prey 
and affect prey size or age structure, behavior, and morphology, and these effects can 
be transmitted through food webs and ecosystems. Herbivores can limit biomass of 
benthic algae, alter physiognomy, species composition and diversity, and stoichiometry, 
and exert strong indirect effects within food webs and nutrient cycles. Parasites can alter 
host behavior or morphology, but few studies have shown that lethal/sublethal effects of 
parasites on their hosts have population- or community-scale consequences. Fishes and 
macroinvertebrates occasionally experience competition, but the effect of competition on 
emographies and assemblages appears restricted to local scales, perhaps because 
ompetition can be modulated by many biotic (bioenergetic efficiency, parasitism, 

predation) and abiotic (floods, drought, resource distribution) factors. Positive 
interactions have been the least studied species interaction by benthologists, but interest 
is growing. Future study of population-scale positive interactions and nontraditional 
interactions at larger scales (e.g., riparian effects on benthic habitat stabilization, cross­
ystem recruitment of different life stages) will improve our understanding of freshwater 

benthic ecosystems and their conservation. We urge benthologists to explore how 
populations evolve in response to biotic interactions embedded in benthic communities 
and to assess how these responses might redefine trophic and community structure and 
heir emergent properties. 
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113"t.1):81-101 Many e}{J'.)lanations fbr~di~erSfty p~ttem;~ .hav'e been proposed, and there have Men 
everal recentreview~oftrre ~upject tPian~a 1;966, 1'974;.Ricklefs 197l; Pielou 1975). 

erSit~. has beeA attribl;lted both to int~nse oom:f)?tition ~hich forces niche 
ion \Dobzha~sky 1950; MaoArthu~ ana Wilson 1967) anCl negatively co~related 

ith ~roG!uctivity .<Yount 1956; Margalef 1969}. The question is .far from ~ettled. "Fh.ls. 
aper develpps an ·appro~t?h to the:probtemof sp?cies diverSity ttasi~d on the 
QnequJHbrium inter,actionsof competing populations. UMer.noo~quilibrkimconditions, 
ifferencesJn diversity are, strongly influenced by l!'ariations in tl'!e rates ef competitive 
isplacem:e:',lt be~en communities, aria such factor~ Cfs.relative competititve,abiUties: 
iche partitioning, etc., may not be pa~cutarty important This approach ,deals primarily· 
ith th~ maint~nance of dive~sio/, as op.posed to.the generation of dh1ersity .. While .most 
f. the ourr,ent dtveffiity· hype>these$ lrave some relation to the evolutionary origin of 

··· iversity, tb.i$wmrmtbe:. ~mph~~ize~h.er~., 

93(870): 145-159 None 

19: 1"'.15 None 
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50: 2350-2365 Biota o15N and 013C values (deviations from recognized isotope standards) from 
lliamna Lake (a major anadromous sockeye salmon (Oncorhynchus nerka) nursery lake 
upporting peak-year runs >10 million) and several other anadromous-salmon-free lakes 

in the Kvichak River watershed, Bristol Bay, southwestern Alaska, were compared to 
etermine the significance of marine-derived nitrogen (MON) delivered by returning adult 
almon. Biota in lliamna Lake had higher 015N compared with control lakes, verifying a 

mixing model correlating o15N with MON. Periphyton 015N values reflected localized 
input from populations of spawning salmon. Juvenile sockeye MON varied in response to 
scapement size, suggesting the importance of large escapements (>10 million) for 

maintaining a predominantly MON lacustrine N pool. Other resident fishes showed shifts 
in 015N between years of high and low escapement. The dual-isotope approach, using 

15N and o13C together, suggested that fish production is primarily dependent on 
limnetic primary and secondary production. The dual-isotope approach indicated that the 
oast range sculpin (Coitus a/euticus) was the only fish with an appreciable dietary 
omponent consisting of salmon eggs or emergent fry. 

21: ustainat>le t=isheries Management:· Pacific Salmon clearly articulates the<'.ulTent ~tate 
f the Pacific Salftl:on resource, .. de~cribes. the .key features 9t its n:t~nagen;ent, and 

provide~ important i<ieas andsu,ggestions on, how we c~n make.the transition toward 
ustai~able ~sheries:. The"solutions pr~sented inthlsbook provide the basis.of a 
trat~gy forsustainable fis~eries, requf~ingsociety and.go,ve~nftlent af,7encies to establish 

. shared vision,. comm9n policies, and a proeess for colfaborative management. 

3(4 ): 399-417 Recent progress in the study of aquatic food-cycle relationships invites a re- appraisal of 
ertain ecological tenets. Quantitative productivity data provide a basis for enunciating 
ertain trophic principles, which, when applied to a series of successional stages, shed 

new light on the dynamics of ecological succession. 
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P,aciflc safmon {0ncc:(hYnchtJs .spp-:) acc~mulate substantial nutrients ih.tneir bodies as 
hey grow.to,a,dulttfoodatsea. These nufrients~re car,ried to predominantly oligotrophic 

·fakes amii streams, where they are releastfd tluring and afterspawning: Researph over 
~ore than 3 decades has sflown 1trat the an'nual ~epositi.onof salmon-oome marine­
erlved. nutrients (MD .. nutrientsJ is important .f<ar· tt:ie pro(juctivity of freshwater 

munities througho~Hhe 8acific coastal.region. However, tfle pathways and 
napisi:ns for MO-nutrient transf~r and accumulation in freshwater .and. riparran 

cosy~tems remainvlrtuauy unt:t?,<Plored,cons~que~tlY:, there are many uncertainties if} 
his area .. This .article addresses thre,e related/topics. First, we s~mmarj;ze r~cent 
f:t~ances in our understam;jing oU~e linkages among MD-nutrients; freshwater 
including. rti}arianJ ecosystems, a(lC! community dynamics by addressing th.e imf)ortance 
f MD-nutrients to lakes and streams and by then reviewing large scale and long-term 

.. rocesses in the atmosphere and ocean th~t gqvem. variabitify .Jn salmon .populations. 
nd, we evaluate the v~lidify etthediscoverie~n:~nd their implications for aet,ive 
Vstem management, noting areas wft~re.extrapotati~!1 fromthese res~Lts stiH 

equires g~eat CS';!tton: flnatty'. we outline five key research issues w,.nere additional 
iscoveries could greatly augment our understanding ofth~ processe~ shaping ttf~ 
tructure and ct,ynamics of salmon population? and the Chara(}iteristips of their fresflw~ter 
abitat and associated riparian zones. Col'ec,tive.ly, thedata sugg.est that the freshwater 
ortion. of the satrricm. produ~tion system is intiinately linked t<:>:the OOE!an. Moreover:, for. 
he system to, be sustainable,. a holistic approaeh to m~nagein~Qt wm be required~ This 

approactrwm n~ed to treat c1Ji:nate cycl~, salmon, riparian vegetation, preqators, 
d MD-nutrient fl.owpaths aM feedtracks as an.integrated system. 

he American Fisheries Society herein provides a list of depleted Pacific salmon, 
teelhead, and sea-run cutthroat stocks from California, Oregon, Idaho, and Washington, 
o accompany the list of rare inland fishes reported by Williams et al. (1989). The list 
includes 214 native naturally spawning stocks: 101 at high risk of extinction, 58 at 
moderate risk of extinction, 54 of special concern, and one classified as threatened 
under the Endangered Species Act of 1973 and as endangered by the state of California. 

he decline in native salmon, steelhead, and sea-run cutthroat populations has resulted 
rom habitat loss and damage, and inadequate passage and flows caused by 

hydropower, agriculture, logging, and other developments; overfishing, primarily of 
eaker stocks in mixed-stock fisheries; and negative interactions with other fishes, 

including nonnative hatchery salmon and steelhead. While some attempts at remedying 
hese threats have been made, they have not been enough to prevent the broad decline 
f stocks along the West Coast. A new paradigm that advances habitat restoration and 
co.system function rather than hatchery production is needed for many of these stocks 

o survive and prosper into the next century. 
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4: .101s.:1031 e dev~lop and illustrate the .concept of 'hydrologic spiralling' .. using a high-re~olution 
2x2m grid cell)simulatiOnof hyporheichydrolo.gy.actqssa 1.7.krh2 sectionoftfje sand, 

I a~d cobble floodplain aquifer. oftfje 1,Jpper Umatilla R:!ver of rortbeastem ()regon, 
SA We pa:arnet~rized tf'le model 1..1sing. a continuous map ?f surface w~ter stage 

.. eriyed frti>mLIDAR ~emo~e sensii;ig data. Mode1 results ·reveal the presence of com!)le>s: 
·· pa.fiat ~atterri~a! ~ypoJ:heic~xoflange across spatl~I scales'.. We use simufation results 
()describe streaQ'}s as a coHecfion of hierarchically organized, iritlividual Jlpw paths that 
J,?iral acros$ ecotones within streams and ~nit.together s,tteam ·ecos)"stems. ~ucti a view 
m::lers~ores. the imP,ortance. of: :(1) gr0ss ·11ypotheic exchange ratesin ·river:s, (2}t~e 
iffef:in~recOIOQiCal foJes of.short.and long hy~otheic flow paths, ana (J.) the downstream 
pvement ohvat~r and solutes outside pf the stre:cJrn chanoel.(e.g, fn the alluvial 
quffer): ~ydrologic spirals unders~ore important limttatio~s otempirical :measures .of 
ietic s~lute uptake fr<).Q"l stre"ams ai:a provid~ a needed.tiyttrologic framework:.for 
fT1erging rese~rch focUn stream ecology s~ch as hydrologic e:pi;inactMty, spatial and 

emporal variation iQ biog~OcQemioal cycling rate!$ and the role of stream geoQ'}orph~togy 
s. a cfominant control 011 stream ecosystem dynamics. 

Fishes inhabiting streams and rivers in the interior of North America experience a 
ontinental climate. Water temperatures reach 0°C in winter and are high in summer. 
here is a marked seasonal cycle in discharge. These circumstances make groundwater 

a crucial component of river habitats. Groundwater can influence the distribution, 
reproductive success, biomass and productivity, behaviour and movements of fishes, 
and is especially important in winter and summer. Winter flows are minimal and are 
affected by ice. In winter, the importance of groundwater increases northwards. 
Groundwater provides overwintering habitat free of subsurface ice and fish may migrate 
long distances to take advantage of it. The melt season can account for up to half the 
annual discharge. In summer, groundwater is important for maintaining discharge and 
moderating stream temperatures. During critically hot weather, groundwater refugia 
protect species exposed to temperatures approaching their thermal limits. Since 
roundwater exerts such an important influence on river habitats, its quality, quantity and 
ustainability should be considered before development proposals are approved which 
ould alter it. Examples of the role of groundwater in the ecology of some species show 

how localised and critical habitats influenced by groundwater can be, and, in 
onsequence, how necessary it is to protect them. Protection is complicated because 
roundwater distribution pathways are often unknown and recharge areas may be 

remote from discharges. Scale becomes important in identifying potential risks to critical 
tream habitats from all types of landscape modification and water abstraction. 

Groundwater temperatures reflect mean annual air temperatures and are likely to 
hange as global climates respond to increases in the greenhouse gases in the 

atmosphere. This could profoundly change critical fish habitats, particularly those at the 
margins of species distributions or those that are already overcrowded. Such 
onsiderations emphasise the importance of developing proper strategies for the 
onservation of groundwater. 
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almonids .spawn fh hi~hly diverse hal;)it~f5. exhibit str,arrg genetic populaflon structuring., 
nd~a:n quicldy co.Ionize newlycreated ltabitats with f0wfounders. Spawnihgtraits often 
iffer amdtiQ,iJOputations, but ttis largely unknown,ffthesedifferenc~s are adaptive or 
ue to genetic drifL To test:if soc~eye salmon ( Oacorhynchus .netka/pqpufafie.ns are 
CiaptecUo glacial, b~ach,~and tributary .. spawning h~bitats, w.e examinetl variation in 
e.ritable phenotypictraiti) ass9ciab:rd Vl(ith spaw~in.g in 13 PoPtiJlations of wild S()?k:e~e 
almor in f;cal<eClark, Alasl<a.Th7sepop~lations werecommonlyfoun(jed between 100 
rrd 400 hunar,ed sockeye. s~lmon generation~ a'Q,O apti exhi~!t tow, gene.tic divergence at 

~ 1 r1,1icrnsate!Ute loct (Fsr\Ct024) that is uncorrelated with spawning tlabitat type: We 
ound that mean Psr (P,henoty:pic divergence, among populations) exceeded neµtralfsr 
or most pnenotypic traiti) rneasur~d. indicating t!fat pherrotypic, differences among 
opuJations ooutd not be exi:>,lained ~Y Qenetic drift alone. PnenottRiC dive~gence .amo.ng 

lation$wasassociated ~ith spawni~~fiah,itat differences, butnot witfi neutral 
ic divergence. For e>ta~ple, .female body. color was llgttter a~d egg cotc:>rwas 

·· arker.in glacial ttran non-g,tad!athabilats. i'.his may.be.due to reducecj $eXUalselection 
or red spawning color in glacia,t na,bitats and.an apparenttrad~;:o~ in:carot~~rroid 
Hocation to.oody and acgg~color in females. Pb~notypic ptasti.city is an unlikely sour~e:of 
henotypic diffecences beceuJ~!3 L,ake Clark sock.eye satmon spend nearly au their lives 

In a common environment. Our datasuggestthat Lake Oh:irk spc~eye .~alrnon 
·. opulations are .adapted to spawning.in glacial~ beach, :an()J t~ibot~ry tvabitats .and provide 
he firstevidence qf.a .glacial s~awoing ecotype in salmonids. 

One of the most spectacular phenomena in nature is the annual return of millions of 
almon to spawn in their natal streams and lakes along the Pacific coast of North 
merica. The salmon die after spawning, and the nutrients and energy in their bodies, 
erived almost entirely from marine sources, are deposited in the freshwater 
cosystems. This represents a vital input to the ecosystems used as spawning grounds. 

Salmon-derived nutrients make up a substantial fraction of the plants and animals in 
aquatic and terrestrial habitats associated with healthy salmon populations. The decline 

f salmon numbers throughout much of their southern range in North America has 
prompted concern that the elimination of this "conveyor belt" of nutrients and energy may 
undamentally change the productivity of these coastal freshwater and terrestrial 
cosystems, and consequently their ability to support wildlife, including salmon. If 

progress is to be made towards understanding and conserving the connection between 
migratory salmon and coastal ecosystems, scientists and decision-makers must explore 
and understand the vast temporal and spatial scales that characterize this relationship. 

EPA-7609-0000586-1857 



6(12); 3225-
231 

65: 609-612 

Ford~cadeseoologJsts have.recognized the potentfalirhpo(tance.ofn1arine derived 
utrients (MON) depo,slted in freshwater ecosystems by sJ)awning anadromous salmon. 

Previous stuGfie~ traye shown that some MON. are. ret$ined in freshwater ecosystems. A 
()pYlaJ" hypothesis Unki ng. MON .to safOl()n papulation productMty posits that MON 
r,ovided by post-~pawnin,g me>rtality of. s~tmon are critical for salmon J'.)Opulatinn 
yoamias becaus~ they enh~nce prey populatrons in fhe fr:eshwater ecosystems used as 
ursery habitats. We tested this nypGthesis by reconstrueting.historlaalsockeyesalmon 
opuJations for the last .300 years in Bristql Bay; Atas,ka. Stable nitrogen isotope 
hronotc>gies in t~ke s~diments and ~ockeye catch and. ~sc('lpement histories show that 
ommerctal fisheries intercepted about two-thirds of l\tJDN bound for fres~~ater spawning; 
ounds since ~beut 190U, Reconstruction oflakealgalpr~du:ction using fCJssil pigments 

ws that this i,oss. of MON has reduced lake algal productivity to .. atlo~t. one·third of its 
I before ~oinmereial fishing .• Hqwever, ~ontraryto expectation;. recent socke;',e 

popuJ~tion !sizes (sum of sPal(i(ning escap~ment .a~cl fish~!)' catch) in the last century 
ere equi~aleotto those befo,re the advent of commercial ~sf1ing. These data 

c eqionStrate ~at,the MON. subs.idY'.fS tmpqrtant for tne.productivity'of coastal Jakes but 
hat some so?keye salmon 'populations are ljmiteg ti>y other features of ecosystems such 
s the amount of.suitabte spawning habitat 

One of the most pervasive themes in ecology is that biological diversity stabilizes 
cosystem processes and the services they provide to society, a concept that has 

become a common argument for biodiversity conservation. Species-rich communities are 
hought to produce more temporally stable ecosystem services because of the 
omplementary or independent dynamics among species that perform similar ecosystem 
unctions. Such variance dampening within communities is referred to as a portfolio 
ffect and is analogous to the effects of asset diversity on the stability of financial 

portfolios. In ecology, these arguments have focused on the effects of species diversity 
n ecosystem stability but have not considered the importance of biologically relevant 
iversity within individual species. Current rates of population extirpation are probably at 

least three orders of magnitude higher than species extinction rates, so there is a 
pressing need to clarify how population and life history diversity affect the performance 
f individual species in providing important ecosystem services. Here we use five 
ecades of data from Oncorhynchus nerka (sockeye salmon) in Bristol Bay, Alaska, to 

provide the first quantification of portfolio effects that derive from population and life 
history diversity in an important and heavily exploited species. Variability in annual Bristol 
Bay salmon returns is 2.2 times lower than it would be if the system consisted of a single 
homogenous population rather than the several hundred discrete populations it currently 
onsists of. Furthermore, if it were a single homogeneous population, such increased 

variability would lead to ten times more frequent fisheries closures. Portfolio effects are 
also evident in watershed food webs, where they stabilize and extend predator access to 
almon resources. Our results demonstrate the critical importance of maintaining 

population diversity for stabilizing ecosystem services and securing the economies and 
livelihoods that depend on them. The reliability of ecosystem services will erode faster 
han indicated by species loss alone. 
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(4): 297-314 afmonids ar~ an important carnf1onent pf biodiversity., cutture J:ln~ economy in sevaral 
egi()ps, particularly the North P~citic Rim. Given this~if11P~rtance, they have b~~n 
·ntensively stu~ief.I. fo[ about a century, and the pione~ring scief}tists recogni;zed the 
ritrc:al link betw<:en pop1;1fat1on stf!,;Jeture. and conseivation'. Spatial structure .is ind~eo of 
rime importance f~r s~fmon .conservaticm andmanagement At first glance, the ~ssence 
f the metap?puf~tion d?nceP,t,. Le:; :a population ofpopLJ:latiohs, wl?ely u&ed on other 
rganisms like butterfltes •. seems. to be .P~i'ticutarly relevant to salmon, .anct more 
enerafly to anadromous fish. Nevertheless., the.ccmcept is rarefy use~, .arid barely 
ested. Here, we present a me~popuJatlon perspecUve for anaprom,ous fis~, assessing 
in terms ofproMsses rath~rttra~ 0f patt,ems t~e set of ne,oessacy cpnditfon$ for 

opu!atio.o .dynamtcs'to eXi$t·Salmon, and particularly saekeye s,almon Jn Alaska, 
e llsed as an ilfustrative ca~e st1;;1dy. A review of life history traits indicates ttraf'lh:e 

hree basic conGiti°,ns are lil<ety t() be fulfille~ by an~cir()mous.safm,on: (i) thesp:awriing 
abitat is discrete and popqtations ate 5P,attally .. separated by qnsuit;;lble,~abitat; (ii) some 
synchrony is present if1. the dynamics ofmore or t~ss distant popu~atic:ms and (Hi) 
ispersal Hnks populations·because some sa:lrnor:i. stray from their nataipoputation. Tbe 

impUcatiorrs ofsorhe pecufiariti~s of salmon life histocyt'.'aits,, unusual in classical 
metapppufations,, are, aJso discusse:d. Deeper µnderstanding oUh~ populati~n str~cture 
' f a~aaromous TI.sff WUI be adv~nceGI by futu,re stµdies,o~ sp~cific topi~~: (i) crite~i~ mua,t 
~ defined for tt:i:e delineation of suitable ha,bltats that afe ba~eC:ton features of the 
iotope andn()t on the presence of fistt; .Xii) th~ colle<:tion oflong.:term data and .the 
evelopmept of im,proved methods to determine age structure ar~ essentfal for correctly 
sttm,ating levels of asynchrony between populations ~nd (iii)severaJ ke~ aspeets of 
ispersal are. still pqQrly understood and need to be examined in deta,!L: the spatial and 

emporal .scales of disperlsal m,ov~mertts, .the.origin and destination population~instead 
fsimplestraying rates, and the relative reproductive success of immigrants and 
esittents~ 
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almonid fishes aggreg~te for breed.ing atspatiafty defined, suitable. h~bitats . .These 
ggregations may evolvelrito discrete pop:utatiorrs when precise riafa(homing leads to 
~prp(iuatfveisplatfon;. and 1.ocat re,lJimes ·Of sete<:tion lead to aqapfation. Poput~fion 
tru~ture }s pften definef.I b~ persistent diff~re11oes in set~ctitalY neutraLg,enefic marl(ers 
nd in mean values of morphologi~aLand l!fe-histo~ traits betw~en location~ . .J:his 
pproac~ is Hm!fl:J~ by the spatial s~le ~t which traits diyerg.e; fow levels of ··· 
prodwctivefysucqessfut straying, combined w.ith simifar seleqtiv~ prer.5,ures on life., 

istory traits resuJUrrg from simitar habitatfeatures and e~vironmental co~ditions, can 
.ignificantly redu~e the power ~f thB'~e discdmi~ato~ methods. We cor:npared data on 
hree life-history traits and potymorpt\ism of GNf\ microsatellites~for evidence. of 
opulatfon ~undivisio~ ar:nong sockeye ~almon spawning on, spatiaJ~Y tliscrete but 

physically s.imifal' b@:aches on islaf!ds i.n Uiamna L:a~e,.Alast<a. We fouM smaH but 
fica~t.differences Jnav~rage.body tength; body'depth and· age composition.between 
as wel!a:s signiflcantinteractionS:.betweerisiteand year .. These interactions, 

eflectrng random vatiatiorlin ~rowth or recruitmen1 among sites, are a P,awerful tool.for. 
pspulations ~ith similar mean trait .values. TM~e results sugge~t: fine-

ing tQ natal sites, but. the microS:atellite da,ta re~aled no e¥'idenc~ of re,s~rtcted 
ene flow among ~ites. There seems to be enough straying among the. populations to 
reventdifferenfiation at ne!liral traits but errougJ;i homing for ther:nto be ftmctionaHy 
istlnct. 

From headwaters to mouth, the physical variables within a river system present a 
ontinuous gradient of physical conditions. This gradient should elicit a series of 

responses within the constituent populations resulting in a continuum of biotic 
adjustments and consistent patterns of loading, transport, utilization, and storage of 

rganic matter along the length of a river. Based on the energy equilibrium theory of 
luvial geomorphologists, we hypothesize that the structural and functional characteristics 
f stream communities are adapted to conform to the most probable position or mean 
tate of the physical system. We reason that producer and consumer communities 
haracteristic of a given river reach become established in harmony with the dynamic 

physical conditions of the channel. In natural stream systems, biological communities 
an be characterized as forming a temporal continuum of synchronized species 

replacements. This continuous replacement functions to distribute the utilization of 
nergy inputs over time. Thus, the biological system moves towards a balance between 

a tendency for efficient use of energy inputs through resource partitioning (food, 
ubstrate, etc.) and an opposing tendency for a uniform rate of energy processing 
hroughout the year. We theorize that biological communities developed in natural 
treams assume processing strategies involving minimum energy loss. Downstream 
ommunities are fashioned to capitalize on upstream processing inefficiencies. Both the 

upstream inefficiency (leakage) and the downstream adjustments seem predictable. We 
propose that this River Continuum Concept provides a framework for integrating 
predictable and observable biological features of lotic systems. Implications of the 
oncept in the areas of structure, function, and stability of riverine ecosystems are 
iscussed. 
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7: 517-539 

he dynamic and hierarchical ilature<of lotic ecosystems may ~e conceptualized lri. a four' 
imensional framew,ork~ · .Upstream-"doVl{nstreaminteractions ta~:ms,titute the longitudinal 
imensi~n. The lateral dimension incfiid~s interactions between the chann:et and 
iparlan!ftoodplain.systems: Signifl.cantinteractions also ~ccurb~tween the channel and 
ontiguous groundwater, the ~rticat dimensipn. The tou,rth dimen~ion, time, provides 
he temporal sc~l~. Lotic ~cosystems have devel@pEJd in respo0se to dynamic patterns 
n~ .Proc~sses occu!frog ~lpng these fourdimensio~s. An ~onsti~approacn thi;tf·employs 
spatio .. temporaL framewprk, ahd that perceives disturbances as f<?rces disrupting major 

interactive pathways,.shou.ld.te~dto a. more ~omplete.understandingof tfle dynamic and 
iefarchical stru~ture 13fnaturaland alterErd·lof.icecosystems. 

1. This review is presented as a broad synthesis of riverine landscape diversity, 
beginning with an account of the variety of landscape elements contained within river 
orridors. Landscape dynamics within river corridors are then examined in the context of 

landscape evolution, ecological succession and turnover rates of landscape elements. 
his is followed by an overview of the role of connectivity and ends with a riverine 

landscape perspective of biodiversity. 2. River corridors in the natural state are 
haracterised by a diverse array of landscape elements, including surface waters (a 
radient of lotic and lentic waterbodies), the fluvial stygoscape (alluvial aquifers), riparian 
ystems (alluvial forests, marshes, meadows) and geomorphic features (bars and 

islands, ridges and swales, levees and terraces, fans and deltas, fringing floodplains, 
ood debris deposits and channel networks). 3. Fluvial action (erosion, transport, 
eposition) is the predominant agent of landscape evolution and also constitutes the 

natural disturbance regime primarily responsible for sustaining a high level of landscape 
iversity in river corridors. Although individual landscape features may exhibit high 

urnover, largely as a function of the interactions between fluvial dynamics and 
uccessional phenomena, their relative abundance in the river corridor tends to remain 
onstant over ecological time. 4. Hydrological connectivity, the exchange of matter, 
nergy and biota via the aqueous medium, plays a major though poorly understood role 

in sustaining riverine landscape diversity. Rigorous investigations of connectivity in 
iverse river systems should provide considerable insight into landscape-level functional 

processes. 5. The species pool in riverine landscapes is derived from terrestrial and 
aquatic communities inhabiting diverse lotic, lentic, riparian and groundwater habitats 
arrayed across spatio-temporal gradients. Natural disturbance regimes are responsible 
or both expanding the resource gradient in riverine landscapes as well as for 
onstraining competitive exclusion. 6. Riverine landscapes provide an ideal setting for 

investigating how complex interactions between disturbance and productivity structure 
pecies diversity patterns. 

any .wiJtuite ~pecies teed'on anao,romous fi~hes of sev:rallife-hfstory .stages .. There ls 
ce far &()me wildltfe S:pecies tflat tne availability of anadromous fi~h rs criticaffy 
nt for survival or reporductfon. In some regions ~f"ll:i~romc:>us fishes Jn fresh water 

.. be keystone food resources forvertebr:a,te ~rettators and scavengers, forgin,g 
·· ~.e~oltigicallysign!fieant Unkbetween aguatic and terrestrialecosyst~ms. f~e sf]ati.al. 
istributionof anadromous fish i11 fresh water. incfudlng the occurrence of runs. in very 
man str:eams,. tras important conseguences, forwtldli.fe btoloQ}I (social interactions, 
istribution, activity patterns, possibly survivorship} and conservation ofbiGdiv&rsifY. 
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48(6): 455-462 (From Introduction): Anadromous and inshore-spawning marine fish provide a rich, 
seasonal food resource that directly affects the biology of both aquatic and terrestrial 
K;onsumers and indirectly affects the entire food web that knits the water and land 
ltogether. In addition, the authors suggest that the presence of a seasonally abundant 
~ood resource has helped to shape the evolution of aquatic and terrestrial consumers 
and that predators have proabably exerted reciprocal evolutionary pressures on their 
prey, potentially influencing the life history and morphology of these fishines. Finally, the 
authors suggest that anadromous and inshore-spawning fishes constitute such an 
important prey base for terrestrial wildlife that conventional ecology dogmas need to be 
revised. Interactions between anadromous fishes and wildlife have been recognized as 
having some general ecological importance (e.g., Brown 1982), but only recently have 
lthe ramifcations of these interactions and their potential magnitude begun to be 
~xplored. Because many of the ecological links still need to be described and quantified, 
lthe authors concentrate on sketching an outline of the interactions, documenting the 
~ffects where possible but also noting effects that seem probable, subject to future 
research. 
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None 

he basic features of stream ecosystem structure and various functional ecological 
omponents and their interrelationships are defined for some representative streams. 
he article focuses on two general functions of running waters: the efficient conversion 
f organic matter, especially particulates, to C02 and the maintenance of a minor role 

played by in-stream plant growth. The article ends with a plea to incorporate the 'new 
tream ecology' into management strategies directed at freshwater resources, 
uggesting that management at the time the article was written was too anthropocentric. 
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he stt.1dy'was conducted in the PedroPond compleX,, a group Of ponds connected to 
he ~ast ertd of lliamna Lake near the. village of Pedro Bay. 

he paper describes the Kvichak River system as the largest producer of sockeye 
almon in Alaska, as well as the history of the Bristol Bay fishing industry and the 
ockeye runs. Population dynamics of the fishery are modeled, and management 

alternatives are discussed based on the results. 

None 
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In light of the crisis of salmon declines in the Pacific Northwest and the billions of dollars 
pent unsuccessfully to restore them, the authors review the growing body of literature 
xamining the importance of salmon derived nutrient subsidies to both freshwater and 

riparian communities. The Bristol Bay region is used to illustrate the magnitude of 
nutrients imported from the ocean, as much as 5.4 x 107 kg of Nitrogen, 2.7 x 105 kg of 
Ca, plus other macroelements for a run of 20 million sockeye. Those nutrients disperse 
as far upstream in freshwater as suitable habitat is accessible, extending the interface 
between ocean and land. A multitude of species interact with and benefit from those 
nutrients including bears, insects, birds, benthos, zooplankton, and riparian vegetation. 
Salmon-derived nutrients increase lake productivity, macroinvertebrate growth, and 
·uvenile salmon growth thereby increasing their survival. Birds associated with riparian 
habitat are found in greater densities on salmon streams. The carrying capacity of 
bears increases vastly where salmon are available. Fitness-related variables, including 

rowth rates, litter sizes, and reproductive success, have been attributed to salmon 
availability for salmon consumers such as eagles, bears, and mustelids, highlighting the 
importance of salmon to their population dynamics. Management implications of 
reviewed research is discussed and the authors point out that artificially placing 
arcasses is not a realistic management decision due to the magnitude of carcasses 
hat would be needed, and stream fertilization does not support the terrestrial 
nvironment like salmon. The authors indicate that the preservation of processes 

related to salmon-derived nutrients is of particular importance. 

fie atticte inoludes frgures and data regard.ing salmQn-derfyeJ:I nitrogen in nursEirylakes 
in Bristol Bay dating tsack ~o AD.1700 as.well.as annual catc;f; ofwestem.Afaska 
ockeye salmon, 
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preeminent text on Pacific S(lllmon ecolo.gy. 
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None 

None 
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tris article tlas rrnp:Ucations for fisheries fn 'that the s:P,epies an~lyzed serve as important 
drage items f9r fish. Climate change may reduce forage densities and $ize. 

None 
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his paper explores the reason the earth supports so many kinds of organisms. It 
ocuses attention on problems of species diversity and community organization that 
have occupied many theoretical and empirical ecologists before and since it was written. 
It concludes that taxa containing many diversified species will 'evolve' more readily than 
undiversified taxa, with limits imposed by brain size and 'niche' space; the evolution of 
biological communities produces complex inter-relationships which increase the stability 

f the community as a whole; and that smaller organisms exhibit greater diversity than 
large ones, and thus the evolutionary processes are different for smaller organisms than 
or large ones. Hutchinson further notes in dealing with human activities, the stability 
provided by diversity can be valuable even to the most adaptable of all large animals. 

he article arguabtyser,ves as.~he.basiseftreshwater bio~eochemistrr. !tis one of the. 
ir~tto discuss ~treamsnot as isolated systems, but strongly linked· to the vafleys that 
hey draip in COrJ"1plex chemical and biolog.icaL relationships .. 1.t descritres the influence of 
alley g~otogy as well.as ve:getatiot) on i["lOrf:)anic chemistry of strE~aIT1s. It discusses the 

irJ"1POrtance .of water source, valley slopf?, $oil perme:ab.i{ity, and t,errestrial vegetatian 
r~nspiration to stre:a,mflow1 referred to a~ a prime eeolo?ical. factor in strearrls. '.!further 
esc,nbes organic inpu,ts drlvi,ng water ctlemistry and stream foodwebs and freshwater · 

macroinyertet>rates. Finally, thearticle onderllnes large effects resulting from 
nthropegenic activities. in .stream valleys. 
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None 

he text covers needs and valu~s fc,>rsut;ta,inable ffsheries::cur:re:ntPaqific sa!mo11 ~tock 
tatus.; existing maRagem~nt qf Pacific s.atmon, h:ab!tat assessment. artifici.al {hatchery 
nd net pen) prodvstion,·m,odelif1g.apprqacheslo.fl18nagem~nt, habitat.prQtection and 
estoration, and. recommendations for sustainable management 

From the summary: The article indicates that a biotic community cannot clearly be 
ifferentiated from its abiotic environment, referring to the sum total as an 'ecosystem.' 

Organisms within an ecosystem are grouped into a series of discrete trophic levels, 
ategorized as producers, primary consumers, secondary consumers, etc., each of 
hich is successively dependent upon the preceding level as a source of energy. 

Producers, however, are directly dependent on solar radiation for energy. The more 
remote an organism is from solar radiation, the less probability it will be dependent 
olely upon the preceding trophic level. Quantitative relationships between trophic 

levels are discussed. The percentage loss of energy due to respiration is progressively 
reater for higher levels in the food cycle. Consumers at higher trophic levels are 

progressively more efficient in the use of their food supply. Productivity and efficiency 
increase during earlier phases of successional development (in lakes, productivity and 
fficiency increase from oligotrophy to eutrophy). And progressive efficiencies of 
onsumer levels appear to increase throughout the aquatic phases of succession. 
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his article does not relate directly to Bristol Bay, but highlights the decline of salmon 
populations throughout the Pacific Northwest of the United States. 

his Studt researched the basfc workings of str~am ecos,yst~rnS andtacto[S .corifrolllng 
if1div.iduaf, populati°,n, and community.praductivityina reach .()fthe.Sltver Spring Ri\i/"er 
In flori~a.wl:lich is neavily influ~nced t)y.groundwater ... O~umctyaracterizsd tl'le 'bi®~ss 
pyramid,' measyri!'"lg ecosystem metabolism by ealcu,tatlrrg primary preductivrty, 
ommunity producti\dty ... and cc:m1munity respiration. He documeRted a strong positfve. 
oiyelafion between vi&ibl6, tight ~nd gross primary P[Oduction, and cqncll..l~ed that 

Florida's SP\fngs have complex and htghly adapted ecologies that rrave maximized tfie 
productive us.e .. ofavailableenergy .inputs, particularly sunlight, .nutrients • .and. .. current 

lociiy, 
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he article argues that the natural flow regime of water plays a critical role in sustaining 
native biodiversity and ecosystem integrity in rivers. It discusses the effects of river 
xploitation, river management, and development policies. The authors underline the 

importance of natural streamflow variability in ecosystems and ecological responses to 
altered flow regimes. 

None 

None 
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he, atfi91e pro'lides eviqen~e for .local adaptation oU.:ai<e Clark sockeye s2;ilf11oo to 
facially turbid spawning streams, such that intensity of visualsignats are rEi<::iuce? whtte 
~apa~ size. (e.g.,,snout length and bQ'dy size) is increased. It concludes ihatthe ·· 

presence of a gtacia;I ecotype 0f sockeye salm()n suggests that the excellentcolp~izing 
biUty of the species may lfje due in part to an ability to adapt quickly to highly unstable., 
eologically young habitat~. 

None 
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atistol Bay is desC(ibad as largely prrs,tinEl'!wifh only mfnimaf trabitat dagr:adation, 
na,ffa.ctad by agrrculture,. logging .or dam building, no trat?henes and Sl)stain,able 
1st:ieries. TM paper concludes: Metapoputation dynamics are? by definition, processes 
ccutring on relati~e,ly targe scales, often .much. largertf\i:if the territ()ry CCJ\fared ~ythe 

'urlsdictionof a s.i;>ecificma.nagernent ageRcy. This. is p~ttkmJarly t(l)e for anadtorn~us 
1sh sP,ecies .because 1,ha series of biot?pas they n&ad. for the.ir different life .stages are 
pn~ad over large areas of land and ocean. 

aken directly from the conclusion: The multitude of ecological strategies that we 
bserve in nature arise from the evolutionary 'trade-offs' of costs versus benefits in the 

process of adaptation to habitats. Natural habitats have at least eight quantitative 
haracters (Figures 6-9) and these must be assessed against the organisms own 
imensions in space and time. The author suggests that these characters can be 
ondensed into two axes: durational stability, which assesses spatial heterogeneity 

against time, and resource level and constancy, which expresses the temporal 
heterogeneity of the same space. Such a two dimensional treatment cannot 
ncapsulate without exception all the complexity of nature, but it will surely be more 

realistic than attempts to organize ecological strategies along a single dimension. The 
author concludes that the value of Figure 13 will have to be tested from both the 
heoretical and the observational viewpoints and it will surely need much modification, 

and suggests that it demonstrates the necessity of combining all these approaches: 
heoretical, experimental, and observational. 
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he article undets?~mas. the import~hce qf genetic~lly distinct sub::populations to the 
maintenance of the ov.erart strength orBristot Bay sockeye salmort 

he article is the first to define the River Continuum Concept. 
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N.one 
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Discusses the evolving perspective on the interconnectedness between salmon and 
other anadromous fish species to other fish, whales, sea lions, and numerous terrestrial 
predators and scavengers, suggesting that the view that predators reduce fish 
availability for humans is both one-sided and overly limited. 
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